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Table 9-17-Specific Biochemical Genetic Screening Tests Reported by Companies Reporting No Genetic
Monitoring or Screening Among Fortune 500 Companies

Q.20. Which of the following types of biochemical screening tests are being conducted by your company of any employees or job
applicants?

(Base: Health officers in companies reporting no monitoring or screening)

Number of companies

Routine Voluntary Voluntary At
health research Followup wellness employee

surveillance program diagnosis program request

Sickle cell trait . . . . . . . . . . . . . . . 0 0 1 1 2
Glucose-6-phosphate

dehydrogenase (G-6-PD)
deficiency . . . . . . . . . . . . . . . . . 0 0 0 1 0

Methemaglobin reductase
deficiency . . . . . . . . . . . . . . . . . 0 0 0 0 0

Serum alpha-1-antitrypsin
deficiency . . . . . . . . . . . . . . . . . 0 0 1 1 1

Alpha and beta thalassemias . . . 0 0 0 1 0
Aryl hydrocarbon hydroxylase

(AHH) inducibility . . . . . . . . . . . 0 o “ o 0 0
Slow v. fast acetylation . . . . . . . . . 0 0 0 0 0
Allergic respiratory disease . . . . . 0 0 4 0 1
Contact dermatitis. . . . . . . . . . . . . 0 0 4 0 1
Histocompatibility markers (HLA). o 0 0 0 0
Other immune system markers . . 0 0 0 0 0
Bloom syndrome . . . . . . . . . . . . . 0 0 0 0 0
Fanconi syndrome . . . . . . . . . . . . 0 0 0 0 0
Ataxia-telangiectasia . . . . . . . . . . 0 0 0 0 0
Xeroderma pigmentosum . . . . . . 0 0 1 0 0
Other heterozygous chromo-

somal instabilities . . . . . . . . . . . 0 0 0 0 0
SOURCE: Office of Technology Assessment, 1990.

nies to conduct genetic monitoring and screening of
employees.

In addition, three personnel officers reported that
the legal consequence of a failure to test was an
important reason in the decision to conduct genetic
monitoring or screening. One personnel officer
reported that evidence of a possible association
between chemical exposure and illness in animal
studies was an important factor, and one personnel
officer reported that union or employee initiative
was an important factor in the decision to conduct
genetic monitoring or screening. None of the six
personnel officers reported “something else” as an
important factor in the decision to conduct genetic
monitoring and screening.

Actions Taken as a Result of Genetic
Monitoring or Screening

The survey found relatively few instances of
negative personnel decisions as a result of genetic
monitoring or screening. Only one corporate person-
nel officer for the Fortune 500 companies reported
ever rejecting a job applicant, primarily or partly,

based on the results of a genetic screening test.
Similarly, a single corporate health officer reported
ever suggesting an employee seek a job elsewhere,
as a result of a genetic monitoring or screening
program. (In 1982, a comparable two companies
reported that they had suggested an employee seek
a job elsewhere.)

No instances were reported by personnel officers
from Fortune 500 companies in the 1989 survey of
cases in which employees were transferred or
terminated, primarily or partly, based on the results
of genetic monitoring or screening. Health officers
in three Fortune 500 companies, however, reported
that their companies, as a result of a genetic
monitoring or screening program, had transferred or
placed employees in different jobs within their
companies. This is comparable to the five companies
that reported transferring employees in the 1982
survey.

Although instances of genetic monitoring and
screening were rare, the health officers in Fortune
500 companies that had done it were at least as likely
to report that the genetic monitoring and screening
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had resulted

Table 9-18-Factors in the Decision To Conduct Genetic Monitoring or Screening of
Employees Among Fortune 500 Companies

Q.13. To the best of your knowledge, which of the following were important factors in the decision to
conduct genetic monitoring or screening of employees in your company?

(Base: Personnel officers answering question)

Number of personnel officers

Unweighed Not
base Important important

Cost-benefit analysis . . . . . . . . . . . . . . . . (6) 4 2
Evidence of a possible association

between chemical exposure and
illness in animal studies . . . . . . . . . . . . (6) 1 5

Evidence of a possible association
between chemical exposure and
illness in epidemiological studies . . . . (6) 4 2

Legal consequence of failure to test . . . . (6) 3 3
Union/employee initiative. . . . . . . . . . . . . (6) 1 5
Something else (please specify) . . . . . . . (1) o 1
SOURCE: Office of Technology Assessment, 1990.

in changes in the workplace, as had
resulted in changes in workers. A number of health
officers reported that, as a result of genetic monitor-
ing and screening programs, their companies had:

. recommended personal protection devices (five
in 1989, compared to three in 1982); 

● implemented engineering controls (four in
1989, compared to two in 1982);

. implemented a research program (four in 1989,
compared to one in 1982); or

. discontinued a product or changed materials in
a product (two in 1989, compared to one in
1982).

In Summary, only a small proportion of compa-
nies had conducted any form of genetic monitoring
or screening, and such monitoring and screening, in
most cases, had not generated personnel action
against employees or changes in the workplace. The
findings of the 1989 survey are virtually identical to
the 1982 survey in these areas.

The 1989 survey finds little evidence that
companies anticipate the use of any kind of
genetic monitoring or screening in the foresee-
able future. Personnel officers in this representa-
tive, national sample of companies with 1,000 or
more employees were asked whether or not they
anticipated that their companies would conduct
biochemical genetic screening, DNA-based screen-
ing, cytogenetic monitoring, or DNA-based moni-
toring within the next 5 years, either on a mandatory
or voluntary basis. The survey found only 2 percent
of companies with 1,000 or more employees antici-

pated any form of mandatory genetic monitoring or
screening within the next 5 years, while another 3
percent said they anticipated conducting some form
of genetic monitoring or screening on a voluntary
basis.

Survey Results without Certain Tests Included

In the original 1982 survey, certain tests were
included in the basic definition of biochemical
genetic screening tests. The 1989 survey, however,
did not contain those specific tests in the definition
of biochemical genetic screening. Instead, they were
added to a later question that asked which types of
biochemical screening tests were conducted by the
company of employees or applicants. This means
that the proportion of the 1989 survey findings
concerning the prevalence of biochemical genetic
screening attributable to certain tests (the nongenetic
tests) can be identified. Two tests were identified in
the 1989 survey that were included in the 1982
survey as being nongenetic tests—allergic respira-
tory disease and contact dermatitis.

A variable from the responses to the question
asking which types of screening tests were con-
ducted was constructed from the health officer’s
questionnaire. (Note: This could only be done for the
long survey forms returned by mail, not the short
forms conducted by telephone, which were identical
to the 1982 survey-but which yielded no genetic
testers.) If the respondent said yes to either allergic
respiratory disease or contact dermatitis in this
question, but no to other tests in this question, the
respondent was labeled “nongenetic only. ” Re-
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spondents saying yes to either of these tests, in
addition to other tests in the question, were labeled
“both.” Those responding yes to other tests in this
section, but not to either of the two nongenetic tests,
were labeled “genetic only. ”

This constructed variable was run against the two
questions about biochemical genetic screening—
whether companies were currently screening and
what their past screening history was—as well as
against the general banner, which included all of the
definitions of genetic monitoring and screening.

There were a total of 10 cases (weighted) in which
genetic screening tests of allergic respiratory disease
or contact dermatitis were reported, but none of the
other biochemical genetic screening tests were
specified. This includes 5 (weighted) of the 18
(weighted) cases in which respondents are identified
as ‘‘current users’ of genetic monitoring and
screening. The other 5 cases were only picked up in
the ‘‘total test’ variable, which includes individuals
reporting any of the tests from the question, regard-
less of whether they reported that they were conduct-
ing ‘‘genetic tests. ’

If these are not genetic screening tests, then the
prevalence of genetic screening is even less (29
percent less for both the traditional definition and the
expanded definition) than previously estimated in
1982, when these tests were explicitly part of the
question. In 1989, there were five respondents that
said they were conducting biochemical genetic
screening, and apparently these were the only tests
they reported conducting (contact dermatitis and
allergic respiratory disease).

Survey Results of the 1,000+ Companies:
Current Use

Less than one-half of 1 percent of companies with
1,000 or more employees reported they were cur-
rently conducting cytogenetic monitoring of any
employees or job applicants, for research or any
other reason. Such cytogenetic monitoring was
currently conducted by no company with 1,000 to
4,999 employees, 2 percent of companies with 5,000
to 9,999, and 2 percent of companies with 10,000 or
more employees.

Three percent of health officers in companies with
1,000 or more employees reported that their compa-
nies were currently conducting biochemical genetic
screening of any employees or job applicants, for

research or any other reason. Seven percent of
companies with 10,000 or more employees reported
current genetic screening, compared with 4 percent
of those with 5,000 to 9,999 employees and less than
3 percent of companies with fewer than 5,000
employees (table 9-19).

No health officer in a company with 1,000 or more
employees reported currently conducting direct-
DNA monitoring of any employees or job appli-
cants, for research or any other reason. Similarly,
none reported currently conducting direct-DNA
screening of any employees or job applicants.

Survey Results of the 1,000+ Companies:
Past Use

OTA found that few companies have ever con-
ducted genetic monitoring and screening of workers
and job applicants for any purpose. Six percent of
health officers in companies with 1,000 or more
employees reported that their companies had con-
ducted genetic monitoring or screening tests within
the past 19 years, for research or any other reason.
This included companies that had conducted genetic
monitoring or screening as part of a voluntary
wellness program, for diagnosis, or at the request of
the employee. It also included reported use of
specific genetic screening tests listed in the survey.

Larger companies were most likely to have
conducted genetic monitoring or screening tests of
job applicants or employees. Seventeen percent of
health officers from companies with 10,000 or more
employees reported that their companies had used
genetic monitoring or screening tests, of some kind,
in the past. By contrast, use of genetic monitoring or
screening was reported by only 5 percent of health
officers from companies with 5,000 to 9,999 em-
ployees and 4 percent in companies with 1,000 to
4,999 employees.

UNIONS AND GENETIC
MONITORING AND SCREENING

A total of 10 unions responded to the OTA survey,
out of the 33 unions that were mailed the survey.
This response rate of 30.3 percent was close to the
36.4 percent response rate (4 out of 11) reported for
the 1982 survey. Unions responding to the 1989
survey represented workers in a wide variety of
occupations. The 10 unions ranged in size from 1
with less than 100,000 members to 2 with more than
1 million members each. A total of 5.1 million
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Table 9-19—Current Use of Genetic Monitoring or Screening Tests Among Companies With
1,000 or More Employees

Q.13. Is your company currently conducting biochemical genetic screening of any employees or job applicants, for research or any other
reason?

Q.15. Is your company currently conducting cytogenetic monitoring of any employees or job applicants, for research or any other reason?
Q.17. Is your company currently conducting direct-DNA screening of any employees or job applicants, for research or any other reason?
Q.18. Is your company currently conducting direct-DNA monitoring of any employees or job applicants, for research or any other reason?

(Base: Health Officers)

Percent of companies currently conducting

Biochemical
genetic Cytogenetic Direct-DNA Direct-DNA

screening monitoring screening monitoring

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (546) 3 ● o 0

Type of business
Electrical utility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 39) 1 0 0 0
Pharmaceutical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (22) 5 0 0 0
Other chemical . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (47) 7 0 0 0
Petroleum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (5) o 0 0 0
Electronic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (21) 2 0 0 0
Other manufacturing . . . . . . . . . . . . . . . . . . . . . . . . . (1 79) 4 ● o 0
Nonmanufacturing . . . . . . . . . . . . . . . . . . . . . . . . . . . (233) 3 1 0 0

Number of employees
Less than 5,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72;)3 o 0 0
5,000-9,999 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 2 0 0
10,000 or more . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (167) 7 2 0 0

less than 1%.
SOURCE: Office of Technology Assessment, 1990.

members were represented
spending to the survey.

Genetic Monitoring

by the 10 unions

and Screening

re-

conducted by Unions

None of the 10 unions responding to the survey
reported that it now conducted genetic screening,
cytogenetic monitoring, direct-DNA screening or
direct-DNA monitoring of members or potential
members, or had conducted such tests in the past.
However, one union did report that it conducted tests
for allergic respiratory disease and contact dermati-
tis as part of a voluntary research program. The same
union wrote under ‘‘other’ cytogenetic tests that it
does conduct a ‘‘review of ailments & material
safety data sheets. ” The respondent also reported
that the union had conducted genetic monitoring or
screening of its members based on job exposures.
Three reasons were given as important factors in the
union’s decision to conduct genetic screening:
evidence of a possible association between chemical
exposure and illness in epidemiological studies;
union-employee initiative; and “individual rights &
privacy.’ It should be noted that the respondent
wrote: “Union does not conduct any genetic moni-
toring or screening tests. ” On the other hand, the

respondent also indicated that the union had con-
ducted genetic monitoring or screening of its mem-
bers based on job exposures.

A second union reported arranging biochemical
genetic screening tests and cytogenetic monitoring
tests for a union member, at the request of the
member, in the past 19 years. These tests were for
allergic respiratory disease, contact dermatitis, his-
tocompatibility markers, other immune system
markers, other heterozygous chromosomal instabili-
ties, and chromosomal aberrations. The respondent
explained:

Our own medical staff consists of two physicians
on retainer, who also have faculty appointments at
university medical schools. So far as I know, they
have not conducted genetic monitoring and screen-
ing tests themselves. In rare cases, they have referred
patients for testing to assist in diagnosis.

A third union respondent reported no genetic
monitoring or screening but was ‘not sure’ whether
the union was currently conducting biochemical
genetic screening tests. Thus, a total of two unions
appeared to have some limited experience in con-
ducting one or more genetic monitoring or screening
tests, or arranging these tests for their members. This
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limited experience in conducting genetic monitoring
and screening was consistent with the prevalence of
genetic monitoring and screening reported by large
companies, particularly since one union only ar-
ranged for genetic monitoring and screening without
conducting it itself. None of the unions responding
to the survey employed or contracted with a genetic
counselor.

Genetic Monitoring or Screening
Conducted by Companies

Three of the ten unions responding to the survey
reported that companies had conducted genetic
monitoring or screening tests of their members. All
three unions reported that such tests were based on
job exposures. One union reported that the company
conducted genetic monitoring of its members to
identify increased individual susceptibility to
workplace risk. A second union reported that com-
pany genetic monitoring or screening were also
based on family history and cofactors (e.g., smok-
ing). A third union reported that company genetic
monitoring or screening were also based on ethnic-
racial background. (This was the same union that
had referred a few members to outside doctors for
genetic monitoring or screening.)

In addition, two union respondents reported that
they did not know whether companies had con-
ducted genetic monitoring or screening of their
members. One respondent was unable to answer the
survey question on whether companies had con-
ducted genetic monitoring or screening of its mem-
bers, as well as many other questions, because
“there are 15,000 employers with enormous varia-
tions in size, practice and policy. No general
conclusions can be drawn.

None of the 10 unions reported that genetic
monitoring or screening were used by a company,
primarily or partly, to reject a union member
applying for a job. One union was not sure whether
a company had used genetic monitoring or screening
to reject a job applicant.

However, one union did report that a company
had transferred or terminated a union member based
on the results of genetic monitoring or screening.
This case took place 1 to 2 years ago. The job action
involved hypersensitivity to isocyanates. Consistent
with limited union experience in job terminations
involving genetic monitoring and screening, no
union reported that biochemical and cytogenetic

tests were used as rejection categories in statistical
data on the reasons for job terminations. However,
it should be noted that only one union reported
maintaining statistical data on the reasons for job
terminations, using medical but not genetic criteria
as rejection categories.

Union Positions on Genetic Monitoring
and Screening

Four unions reported having a formal policy
related to the use of genetic screening of employees
or job applicants. Two of these unions also had a
formal policy related to the use of genetic monitor-
ing of employee health.

The only union to report making recommenda-
tions to companies as a result of genetic monitoring
and screening was one whose members reported
genetic monitoring or screening by companies and
which had also referred a few of its members to
outside doctors for genetic monitoring or screening.
Specifically, the union recommended that the com-
pany(ies) implement engineering controls, provide
personal protection devices, implement a research
program, and discontinue a product or change
materials in a product. The union also recommended
that a company change its workplace practice or
exposure level due to the results of genetic monitor-
ing in establishments where the union is not
represented. No other union responding to the
survey reported having made recommendations for
company changes in the workplace as a result of
genetic monitoring or screening.

One union reported having engaged in contract
negotiations covering the topic of genetic monitor-
ing and/or screening. It reported that companies had
conducted genetic monitoring of its members. The
union had a formal policy for the use of genetic
screening, but not monitoring. The union respondent
took the following position:

We assume that, as with many types of employer
surveillance of workers, genetic monitoring and
screening are going on without any formal notifica-
tion to workers or the union, much less any request
for consent. Notification and consent (including
provision of payment for scientific peer review by
trade union medical consultant) should be mandated.
Furthermore, employer genetic testing should be
limited to monitoring, and screening prohibited.
Questions of suitability of an employee for contin-
ued work should be resolved by worker and private
physician, in a confidential manner, No individual’s
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results should be reported to employers directly—
only the collective results. In other words, employer-
sponsored health research on workers should be
conducted according to the same rules as any
NIH-sponsored research, complete with Human
Subjects Review Board oversight and doctor/patient
confidentiality. Just because an employer pays for it
does not justify the abandonment of these fundamen-
tal concepts.

Answers to survey questions showed that for
some unions, the perceived acceptability of genetic
monitoring or screening depended on the circum-
stances. Unions were divided on the acceptability of
genetic monitoring or screening of employees or job
applicants by employers:

● to make a clinical diagnosis of a sick member—
five found it generally acceptable, four found it
generally unacceptable;

● to monitor chromosomal changes associated
with workplace exposures-five found it gen-
erally acceptable, four found it generally unac-
ceptable; and

. to inform members of their increased suscepti-
bility to workplace hazards-four found it
generally acceptable, five found it generally
unacceptable.

In contrast, genetic monitoring or screening was
viewed as generally unacceptable: to establish links
between genetic predisposition and workplace haz-
ards (seven unions); to establish evidence of
preemployment health status for liability purposes
(eight unions); and to exclude members with in-
creased susceptibility to workplace hazards (eight
unions). Consistent with union opposition to using
genetic monitoring and screening to exclude mem-
bers with increased susceptibility to workplace
hazards, eight unions viewed health examinations to
identify job applicants with genetic susceptibility to
workplace exposures as unacceptable.

Unions took issue with the idea that employers
should have control over the use of genetic monitor-
ing and screening tests. All nine unions expressing
an opinion disagreed with each of these three
statements:

. The employer should have the option of decid-
ing how to use the information obtained
through genetic monitoring and screening.

. The decision to perform genetic screening of
job applicants and employees should be the
employers.

● The decision to perform genetic monitoring of
employees should be the employers.

One union qualified disagreement to the above
three items by explaining that employers and unions
should both have a say, but that the decision whether
to perform genetic monitoring and screening was the
employer’s.

Unions also showed a general consensus on two
other questions. Nine unions disagreed-with eight
expressing strong disagreement-that ‘ ‘it’s fair for
employers to use genetic screening to identify
individuals whose increased risk of occupational
disease poses a threat for greater costs to the
employer. ” Eight unions agreed strongly that “ge-
netic screening in the workplace represents a poten-
tial threat to the rights of employees.” However,
there was no consensus among the unions on the
desired role of government concerning genetic
monitoring and screening. Five unions agreed
strongly or somewhat with the statement that “gov-
ernment agencies should provide guidelines for
genetic screening of job applicants and employees,’
but four disagreed strongly. Similarly, six unions
agreed that “government agencies should provide
guidelines for genetic monitoring of employees,”
but three disagreed strongly. The survey asked:

If an employer becomes aware that an employee
has a genetic susceptibility to serious illness if he or
she is exposed to substances in the workplace, do
you think the employer should exclude that em-
ployee from those jobs for which he/she is at
increased risk, or do you think the employer should
allow the employee to take those jobs, if he/she
waives corporate liability?

Three unions thought the employee should be
excluded, while two thought the employee should be
allowed to take the job. Another two unions said that
the employee should be allowed to take the job, but
there should be ‘no waiver of liability’ or no waiver
of liability ‘‘to the point of no coverage. ’ One union
said the decision depended on the nature of the
exposure, and the availability of work. Two union
respondents did not answer the question. One of
these respondents criticized the question as inher-
ently biased because it did not offer the responses of
“preventing risks by ameliorating the conditions
and reducing exposure’ or ‘transferring susceptible
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workers to other jobs with guarantees of pay and job
security. ’

Unions and the Future of Genetic Monitoring
and Screening

None of the 10 unions was currently considering
conducting, or anticipated conducting, biochemical
genetic screening, cytogenetic monitoring, direct-
DNA screening or direct-DNA monitoring, for any
reason in the next 5 years.

One respondent was not sure whether the union
anticipated conducting cytogenetic monitoring in
the next 5 years, and was also not sure whether the
union anticipated conducting any direct-DNA moni-
toring over that period. This union was “not
opposed to genetic monitoring as research, or in
diagnosis, where the investigation focuses on the
relationship between workplace exposure and ge-
netic damage. ” This union’s medical staff had
referred a few patients for genetic monitoring or
screening to assist in diagnosis.

Another union respondent did not answer the
question on whether the union anticipated conduct-
ing any biochemical genetic screening in the next 5
years. However, it should be noted that the respond-
ent commented that “employer genetic testing
should be limited to monitoring, and screening
prohibited. Questions of suitability of an employee
for continued work should be resolved by worker
and private physician, in a confidential manner. ’

Many of these unions viewed genetic screening in
the workplace as a threat to the rights of employees
and were strongly opposed to employers having
control over the decision to perform genetic moni-
toring or screening of employees. Half of the unions
regarded genetic monitoring or screening as gener-
ally acceptable to diagnose sickness and monitor

chromosomal changes resulting from workplace
exposures. However, most were opposed to genetic
screening to link genetic predisposition to
workplace hazards, exclude members with increased
susceptibility from risk situations or establish evi-
dence of preemployment health status for liability
purposes.

Given these views, unions may be expected to
object to large-scale use of genetic monitoring or
screening mandated by employers without union
involvement and consent. The survey suggests that
some unions might approve of genetic monitoring or
screening, but only for limited purposes, under
carefully controlled circumstances agreed on by
unions and management.
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Appendix A

Basic Tenets of Human Genetics

Basic Human Genetics

The chemical bearer of genetic information is DNA,
which takes the structural form of a double-stranded helix
(figure A-l). DNA is composed, in part, of four chemical
subunits called bases. These four bases—guanine (G),
adenine (A), thymine (T), and cytosine (C)-are the
coding units of genetic information. The bases normally
pair predictably-A with T, and G with C (figure
A-2)—to form the DNA double helix structure. The order
and organization of the base pairs determines all genetic
information. Genes, which are segments of DNA, come in
many different sizes ranging from 1,000 to 1 million base
pairs in length. A mutant gene results in an altered amino
acid sequence, which can alter the protein in such a way
that clinical symptoms arise.

Genes are organized in microscopically visible bundles
called chromosomes (figure A-3). The chromosomal
constitution of each individual is derived equally from
mother and father. In humans, 23 chromosomes are
contributed by each parent in the gamete (egg or sperm),
resulting in a total of 46 chromosomes-22 pairs of
autosomes and 1 pair of sex chromosomes (two X
chromosomes for females and an X and a Y for males).
The entire complement of genetic material in this set of
chromosomes, about 3.3 billion base pairs-50,000 to
100,000 structural genes—is called the human genome.
Only about 2 percent of the genes have been identified
along the chromosomes.

The physical location of a gene on a chromosome is
called its locus. Some genes have been mapped and
cloned and can be identified directly at their locus. But it
is the exception that the direct link between one gene, one
locus, and one disease can be made. Most diseases are
multifactorial and polygenic; i.e., several genes in combi-
nation with specific environmental factors act together to
produce the disease state.

Because chromosomes come in pairs, there are two
copies of a gene at each locus, one inherited from each
parent. Different “versions” of a gene at a particular
locus are called alleles. When two or more alleles of a
gene are found at a particular locus in the population, the
genetic variants are referred to as polymorphisms. Poly-
morphisms (i.e., common genetic differences between
people) play an important role in diagnosing genetic
diseases.

The term ‘mutation’ refers to a change in the sequence
or number of nucleotides in a gene. Mutations arise
through a number of mechanisms: through environmental

agents as mentioned previously, or through normal
cellular processes. Not all mutations cause disease,
although that is the reference in which the term is
commonly used. Mutations that form in germline cells
that produce eggs and sperm are inherited by offspring,
whereas those that occur in somatic cells remain only in
the descendants of those cells in the affected individual.
This distinction is critical in distinguishing between
monitoring and screening. Genetic screening can detect
traits that are caused by mutations in both somatic
and germ cells, whereas monitoring generally detects
mutations that have occurred in that population of
somatic cells being tested and cannot be extrapolated
to other tissues.

Genetics and Disease

The link between familial factors and certain health
conditions has long been recognized. A useful classifica-
tion of the genetic basis of disease is disorders caused by:

. a single mutant gene (monogenic);

. chromosomal aberrations;
● genetic predisposition combined with environmental

interaction (multifactorial); and
● changes in the somatic cells (cancer, aging, autoim-

mune disease, and some congenital malformations).

Figure A-l—The Structure of DNA

SOURCE:  of Technology Assessment, 1990.
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Figure A-2—DNA Base Pairing
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which are referred to as alleles. Each individual carries
two sets of genes, one from each parent. If the two
members of a pair of genes are the same, the individual is
considered to be homozygous for that locus. If the two
members of the pair are different, the individual is said to
be heterozygous for the locus. Such an individual has the
trait, but not necessarily the disease. Heterozygotes for
certain traits, therefore, make two kinds of gene products
from their two genes. If only one functional gene is
needed to produce sufficient protein activity, the individ-
ual will be normal for that trait and the mutant allele will
be considered recessive. If, however, the one mutant
allele is sufficient to produce a defect in the individual, the
trait is considered dominant.

Most often, single gene mutations, whether transmitted
recessively or dominantly, cause a defect in enzymes that
may cause “inborn errors” of metabolism and transport.
These errors result from lack of a functional enzyme and
may

●

●

●

●

result in:

diseases resulting from absence of the end product;
diseases resulting from the accumulation of sub-
strates or metabolizes;
diseases resulting from interference with regulatory
mechanisms; and
diseases where there is an inborn error of membrane
transport.

Single gene mutations can also cause amino acid
substitutions that produce “hemoglobinopathies’ (he-
moglobins with abnormal functions). Sickle cell anemia
is a common form of hemoglobinopathy. The mutant gene
in this disease causes an abnormality in hemoglobin
which distorts the red blood cells, resulting in small blood
vessel blockage and subsequent oxygen deficit.

Some 400 gene products of the approximately 3,000
known single gene disorders have been identified (5).
The nature of the mutations involved, however, has
only been determined in 45 of these disorders (see table
A-l). Better understanding of the nature of the mutation
leads to increased capabilities for diagnosis, both prena-
tally and in children and adults and, in a few disorders, has

- 1
resulted in improved treatment for affected individuals.

 The Sugar-Phosphate 
Backbone

The four bases of DNA, guanine (G), adenine (A), thymine (T), and cytosine
(C) form the four letters of the genetic code. The pairing of the four bases
is A with T, and G with C, It is the sequence of bases along the strand of DNA
encodes the genetic information.
SOURCE: Office of Technology Assessment, 1990.

Single Gene Disorders

A gene can be altered by a “point” mutation (i.e., a
change in only a single base pair) resulting in an altered
protein or function for which it codes. Thus, a gene can
have several functional and dysfunctional variants, all of

Critical to diagnosis and treatment has been under-
standing the mode of inheritance of the mutant gene. The
three modes of inheritance are discussed below. Figure
A-4 illustrates the various modes of inheritance for single
gene disorders. The figure represents a pedigree or family
tree, the standard tool used by geneticists tracking the
history and mode of inheritance of genetic disease in
families.

Autosomal Dominant Inheritance

If the mutant gene is located on one of the autosomes
(not a sex chromosome) and it is dominant, every affected
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Figure A-3-Chromosome Complement of a Normal Human Female

   

SOURCE: The Genetics &  Institute, Fairfax, VA.

individual has an affected parent, except for cases arising
from a fresh mutation. If that affected individual has an
unaffected spouse, each of their children will have a 50
percent chance of inheriting the mutant gene and having
the disease. Offspring of affected persons who have not
inherited the mutant gene will not have affected offspring.

Examples of genetic disease inherited in this manner
are Huntington’s disease, adult polycystic kidney disease,
and Marfan syndrome. Except for eases where the disease
has appeared as a fresh mutation in an individual, families
with dominantly inherited genetic disease are more likely
to know they are at risk because of the appearance of the
disease in preceding generations. More problematic are
those diseases with a late onset, such as Huntington’s,
because individuals might not know they are affected
until they already have children.

mutant allele until they either produce an affected
offspring or undergo testing for heterozygote or ‘carrier’
status. There is infrequently a family history of the disease
because of the small likelihood that two individuals
heterozygous for the same trait would meet and have
children. Recessive disorders are more common than
dominant disorders. Even if both parents are carriers of
the trait, each child has a 1 in 4 chance of inheriting the
mutant gene from both parents, producing the homozy-
gous or disease state. Statistically, each child also has a 50
percent chance of inheriting one mutant gene from either
parent, thus, becoming a carrier. Each child also has a 25
percent chance of inheriting the normal gene from both
parents.

Examples of some common autosomal recessive disor-
ders are cystic fibrosis, sickle cell anemia, phen-
ylketonuria, and beta-thalassemia.

Autosomal Recessive Disorders
Sex Linkage

Recessive deleterious genes produce disease only in the
homozygote, that is, persons- with two copies ‘of the Theoretically, if the mutant gene is on one of the sex
mutant gene. Affected individuals have received one chromosomes, the X or the Y, the pattern of inheritance
mutant gene from each parent. Most often both parents are differs. In reality, the Y chromosome is very small and
asymptomatic heterozygotes, unaware that they carry the contains few genes. There are no known diseases trans-
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Table A-l-Some Known Hereditary Disorders for Which Gene Has Been Cloned

Acatalalasemia
Alpha 1 -Antitrypsin deficiency
Alpha-Thalassemia
Antithrombin Ill deficiency
Argininosuccinic aciduria
Atransferrinemia
Beta-thalassemia
C2 deficiency
C3 deficiency
C4 deficiency
Carbamylphosphate
Chronic granulomatous disease
Citrullinemia
Color blindness
Congenital adrenal hyperplasia
Diabetes mellitus due to abnormal insulins
Duchenne muscular dystrophy
Dysfibrinogenemias
Dyslipoproteinemia
Ehlers-Danlos syndrome type IV
Ehlers-Danlos syndrome Vll A2
Elliptocytosis-1
Elliptocytosis-2, spherocytosis
Fabry’s disease
Factor Vll deficiency
Factor X deficiency
Factor XIII deficiency
Familial hypercholesterolemia
Familial hypoparathyroidism (one form)
Fructose intolerance
Fucosidosis
Gaucher’s disease

Hereditary congenital hypothyroidism
Hers’ disease (glycogen storage disease VI)
Homocystinuria
Hypobetalipoproteinemia, premature

atherosclerosis
Isolated familial growth hormone deficiency
Lecithin-cholesterol acyltransferase disease
Lesch-Nyhan syndrome
Lipid adrenal hyperplasia deficiency
McArdle’s disease
Medium-chain acyl-CoA dehy-

drogenase deficiency
Mucopolysaccharidosis Vll
Ornithine transcarbamylase deficiency
Osteogenesis imperfecta
Phenylketonuria
Phosphoglycerate kinase deficiency
Porphyria cutanea tarda
Propionic acidemia type I
Propionic acidemia type II
Pyruvate carboxylase deficiency
Renal tubular acidosis with osteopetrosis
Retinoblastoma
Sandoff’s disease
Severe combined immuo-deficiency from

adenosine deaminase deficiency
Sickle cell anemia
Tay-Sachs disease
Thrombophilia from plasminogen activator

deficiency
Thrombophilia from plasminogen variant
Thrombophilia from protein C deficiency

Glucose-6-phosphate dehydrogenase deficiency Triosephosphate isomerase deficiency-

Gyrate atrophy Tyrosinemia type II
Hemophilia A X-linked icthyosis
Hemophilia B von Willebrand’s disease
SOURCE: S.E. Antonarakis,  “Diagnosis of Genetic Disorders at the DNA Level,” New Eng/and  Journal of Medicine

320:153-163,  1989.

mitted via the Y chromosome. The X chromosome,
however, is much larger and contains numerous genes,
many of which are known to cause disease when in the
mutant form. Genes on the X chromosome can also be
dominant or recessive, but the fact that females have two
X chromosomes, and males have only one X and one Y
leads to differences in the patterns of inheritance. Figure
A-4 illustrates the characteristic pedigree for X-linked
disease, usually being transmitted by an asymptomatic
female to each of her sons with a 50 percent probability.
Daughters of the unaffected carrier mother each have a 50
percent chance of also being unaffected carriers. Sons
who do not inherit the abnormal gene are unaffected and
cannot transmit the gene.

Examples of X-linked disorders are Duchenne muscu-
lar dystrophy and hemophilia.

Confounding Factors in Mendelian Patterns

Not all mutant genes display the regularity of transmis-
sion implied by the previous discussion. Several irregu-
larities can complicate accurate genetic diagnoses and are
described in the following sections.

Mutation-As mentioned earlier, for two reasons,
family history does not usually forewarn individuals that
they are at risk for genetic disease. First, many diseases
are transmitted in an autosomal recessive manner, mean-
ing the chances are very low that two carriers for the same
disease will meet, procreate, and have an affected child.
Second, naturally occurring mutation rates exist for all
diseases. For example, “Fragile X Syndrome and Duch-
enne muscular dystrophy have high mutation rates which
explains why these diseases persist despite the fact that
those who have them rarely procreate.

Variable Expressivity--Variable expressivity is the
term used for the variation in severity of effects produced
by the same genes in different people. The physical
presentation of effect of a gene is referred to as the
“phenotype.” Thus, one genotype often gives rise to a
range of phenotypes in different individuals. For example,
the neurofibromatosis gene may cause multiple disfigur-
ing tumors in one patient but only skin discoloration and
a few insignificant tumors in another patient.
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Figure A-4-Modes of Inheritance of Single Gene Disorders

Autosomal dominant

X-linked

SOURCE: Office of Technology Assessment, 1990.

Heterogeneity-The same or similar physical charac-
teristics can be produced by different genes or loci. Thus,
several different genotypes can produce similar pheno-
types. In most genetic diseases, heterogeneity appears
to be the rule rather than the exception.

Penetrance—To further complicate matters, a gene
that expresses itself clinically in one person can produce
no detectable effect in another. The failure to reach the
“clinical surface’ in an individual is called ‘‘nonpene-
trance.” The gene is silent. At the population level, the
gene is said to have reduced penetrance. Reduced
penetrance is most easily detected in the case of dominant
traits, when an individual who must carry the mutant
genes, based on pedigree or DNA analysis, does not have
the disease or trait.

Phenocopies--Sometimes the effect of a gene is
simulated by an environmental agent in an individual not
carrying the mutant gene. For example, congenital
deafness can be caused by a recessive gene or by the drug
streptomycin.

Multifactorial Inheritance

Combinations of genes encode complex aspects of the
human phenotype, such as the immune response and
cholesterol metabolism. Defects in one or more of these
genes can cause diseases that may be exacerbated by
environmental factors such as viruses, chemicals, and

Autosomal recessive

I

Key:  Male

 Female

■ Affected male

● Affected female

 Carrier male

 Carrier female

radiation; thus the term ‘‘multifactorial disease. ” Multi-
factorial diseases are far more common than single gene
disorders. They include coronary artery disease, diabetes
mellitus, multiple sclerosis, schizophrenia, epilepsy, al-
lergic rhinitis, asthma, some forms of arthritis, and some
forms of emphysema, to name a few (4).

Identification of the genes that make an individual
“susceptible” to disease state is especially compelling
because of the possibility of prevention. An individual
identified to be at risk can avoid known exogenous risk
factors such as diet or infectious agents, or watch for the
developments of symptoms for treatment at an early stage.

Chromosomal Disorders

Sometimes genetic disease is caused by structural
aberrations in the chromosomes. Chromosomal aberra-
tions (CAs) are gross structural changes visible under the
light microscope that arise from errors in cell division.
During the two types of cell division in humans —mitosis
and meiosis—’ ‘mistakes” can occur resulting in too
much, too little, or rearranged chromosomal material in
the daughter cells. Errors in the number or structure of
chromosomes can result in maldevelopment of the fetus
and subsequent disorders in liveborn infants.

In some cases, CAs can be caused by environmental
agents such as radiation, chemicals, or viruses (2,3,6,8).
These environmental insults have been associated less
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with errors in number than with breakage of the chromo-
somes. Such breakage can interfere with the genetic
signals necessary for normal cell growth and repair (e.g.,
it is well-documented that large doses of ionizing
radiation cause chromosomal breakage correlated with
certain forms of cancer) (1,7).

Errors in chromosome number and structure can
present clinical disorders in a variety of forms, from
before conception to the advanced stages of disease. The
spontaneous frequency of CAs (both structural and
numerical) in newborns is about 6 per 1,000. Chromoso-
mal analysis of human spontaneous abortuses shows that
about 50 percent are chromosomally abnormal. In addi-
tion, persons exposed to ionizing radiation and certain
chemicals have increased frequencies of CAs in their
lymphocytes. Many forms of cancer are associated with
increased frequencies of aberrations. And, several human
hereditary conditions, such as ataxia telangiectasia and
Fanconi’s anemia, are associated with increased frequen-
cies of CAs as well as increased incidence of cancer.

Genetic evaluation at the chromosomal level, rather
than the biochemical or molecular level, is referred to as
‘‘cytogenetics. Cytogenetic approaches to genetic
screening are most reliably used in prenatal diagnosis for
women of advanced maternal age, and for the diagnosis
of certain forms of cancer and certain hereditary traits.
The use of cytogenetic tests for monitoring populations
exposed to genotoxic agents and ionizing radiation is
discussed in chapter 4.

1.

2.

3.

4.

5.

6.

7.

8.
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Appendix B

Survey Methodology

Study Design
The survey was conducted for the Office of Technology

Assessment (OTA) from March 24 to July 15, 1989, by
Schulman, Ronca, & Bucuvalas, Inc. (SRBI). The core of
the 1989 survey remained a national survey of the 500
largest U.S. industries, 50 largest utilities, and 33 major
unions. The 1989 survey contained comparable questions
to core survey items from the 1982 OTA survey. (See
table B-1 for a summary of the methodology of the 1989
and 1982 surveys.)

Sampling Design

The purpose of the sampling design was to provide
comparability with OTA’s 1982 survey, while expanding
the ability to generalize the results to a broader popula-
tion. The 1989 survey results were based on four samples.
First, all Fortune 500 companies were selected to provide
information on genetic monitoring and screening at large
corporations in the United States. The procedure for
specifying this population was to use the Fortune 500
listing of manufacturers and utilities from the previous
year. This procedure, which was identical to the procedure
used in the 1982 survey, produced an independent census
of the current Fortune 500 population rather than a panel
of previously surveyed organizations.

Second, the 50 largest private utility companies in the
United States were surveyed to provide coverage of large
utilities. This sampling was based on the most recent
Fortune Magazine listing prior to the survey. As with the
Fortune 500 listing, this produced a current census of the
50 largest utilities.

Third, a sample of large unions was developed by OTA
to provide broad coverage of a wide variety of unions. The
1982 sample of unions was based on 11 unions with the
largest number of members working for Fortune 500
companies, identified from the 1979 Directory of Na-
tional Unions and Employees Association published by
the U.S. Department of Labor. This publication was
discontinued in the early 1980s, so no comparable list was
available for the 1989 survey. A broader sample of unions
was desired, in any case, since the 1989 survey had been
expanded to include a cross-section of medium and large
companies with 1,000 or more employees. Therefore, a
sample of 33 large unions was identified by OTA for the
1989 survey.

Fourth, the 1989 survey added a stratified cross-section
sample of large- and medium-sized companies with at
least 1,000 employees that did not belong to the Fortune
500 group, to provide results projectable to the universe
of companies with 1,000 or more employees. Public

organizations, such as nonprofit groups and governmental
organizations, were excluded. The number of employees
in the company was defined as the total number of persons
employed company-wide in the United States, rather than
the number of employees at company headquarters or at
a particular establishment.

The sample of companies with 1,000 or more employ-
ees was stratified by company size. The sample was
divided into four size strata: companies with 10,000 or
more employees, companies with 5,000 to 9,999 employ-
ees, companies with 2,500 to 4,999 employees, and
companies with 1,000 to 2,499 employees. Companies
were randomly selected within each strata from Dun &
Bradstreet lists. The final sample consisted of 100
companies with 10,000 or more employees, 100 compa-
nies with 5,000 to 9,999 employees, 300 companies with
2,500 to 4,999 employees, and 350 companies with 1,000
to 2,499 employees. Such division by size allowed the
survey to oversample the largest companies and obtain a
relatively high sampling incidence of these firms.

Table B-l-Summary of Methodology

Samples
Fortune 500 companies . .
50 largest utilities . . . . . . .
Unions . . . . . . . . . . . . . . . .

Companies with 1,000+
employees . . . . . . . . . .

Designated respondent
Private companies:

Chief health officer . . .

Chief personnel officer.

Unions:
Union president . . . . . .

.

.

Followup methodology
Reminder letters . . . . . . . .
Remailing questionnaires

to nonresponders . . . . .

Telephone followup to

Sampled in 1989 and 1982.
Sampled in 1989 and 1982.
33 unions in 1989 and 11 unions in

1982.

1,000 sampled in 1989. Not sampled
in 1982.

Designated respondent in 1989 and
1982.

Received version of questionnaire
for health officers.

Designated respondent in 1989 only.
Received different questionnaire

version for personnel officers.

Designated respondent in 1989 and
1982.

Sent in 1989 and 1982.

Sent to all nonresponders in 1989
and 1982.

nonresponders . . . . . . . All Fortune 500 and utilities in 1989.
Only 200 largest companies in
1982.

Actual telephone inter-
views with non-
responders to mail
survey . . . . . . . . . . . . . . . Done as a last resort in 1989 and

1982.
SOURCE: Office of Technology Assessment, 1990.
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In addition, companies with certain standard industrial
code (SIC) groups were oversampled to obtain sufficient
numbers of oversampled companies and permit analysis
of certain types of SIC groups. The oversampled SIC
groups covered pharmaceuticals (SIC 2834), other chemi-
cal companies (rest of SIC group 28), petroleum (SIC
group 29), semiconductors (SIC 3674), other electronics
companies (SIC 3675-3679), and electric utilities other
than the 50 largest utilities (SIC 4911 and 4931). A target
subsample size of 50 companies was adopted for each of
the oversampled industry groups. In order to achieve this
subsample size, a sufficient number of companies with
1,000 or more employees in each oversampled group were
randomly selected to supplement the core cross-section
sample so that the final sample included 50 companies in
the oversampled group. In cases where there were 50 or
less U.S. companies in an oversampled group with 1,000
or more employees, all companies in that group with
1,000 or more employees were included in the final
sample.

Questionnaire Development

A survey questionnaire was developed by the contrac-
tor in concert with OTA according to the detailed research
objectives set forth by OTA. The OTA advisory panel
reviewed the questionnaire at the March 1989 panel
meeting after a pretest was conducted between February
17 and March 1, 1989. The findings of the pretest were
used to revise the questionnaire.

The 1989 survey contained comparable questions to
core survey items from the 1982 survey. This provided
OTA with the necessary comparability to the 1982 survey
so that changes in the workplace over time could be
assessed. However, the method was altered to increase the
usefulness of the information. The central components
were:

1. The content of the questionnaire was broadened to
include the use of genetic monitoring and screening in the
workplace in the context of other types of employee
testing. The survey was expanded to deal with attitudes of
employers toward the proper and improper uses of genetic
monitoring and screening in the workplace. The survey
also covered more areas related to the applications of
genetic monitoring and screening in personnel matters, as
well as applications for employee health.

2. As in 1982, the survey was directed to the chief
health officer, to answer questions dealing with the
medical applications of genetic monitoring and screening.
A different questionnaire was also directed to the chief
personnel officer focusing on personnel applications (e.g.,
recruitment, placement, advancement, and retention) of
genetic monitoring and screening.

3. The universe of Fortune 500 companies was supple-
mented by a sample of non-Fortune 500 large- and

medium-sized employers so that the extent of genetic
monitoring and screening in the workplace could be
examined more broadly.

4. Telephone recontact was attempted with all non-
respondents in the Fortune 500 and 50 largest utility
companies.

5. The identity of companies returning questionnaires
was anonymous in 1982. In order to improve tracking of
the sample and prevent duplicate responses, the 1989
survey used questionnaires with identification numbers
on peel-off labels. The respondent was encouraged to
leave the label on the questionnaire when it was returned,
but this was voluntary. All labels were removed after
receipt of the questionnaires,
anonymous and confidential.

Confidentiality

making the data both

The 1982 survey used a postcard system to verify
which companies had returned questionnaires. Each
questionnaire was sent to the company along with a
postcard. Substantially more questionnaires were re-
turned (n=373) than postcards (n=307). This raised the
possibility that more than one survey was completed by
the same organization, since respondents are normally
more likely to return a postcard without a questionnaire,
so that he or she would not be subject to followup. In fact,
a few organizations returned more than one questionnaire
in 1989, i.e., the original questionnaire and a question-
naire sent in a followup mailing. These were identified
and removed from the 1989 sample.

Because there appeared to be a problem with the use of
a separate postcard to track anonymous questionnaire
returns, a respondent identification number was proposed
for the 1989 questionnaires. This permitted improved
sample tracking and allowed identification of duplicate
returns. Due to concerns about the anonymity of the
questionnaires, a compromise solution was to affix the
identification number to the 1989 questionnaires on a
peel-off label that could be removed by respondents who
wished to remain anonymous. Respondents were encour-
aged to leave the peel-off label on the survey, which
explained it would be removed after receipt. After SRBI
received the questionnaires, the peel-off labels were
removed, making the data both anonymous and confiden-
tial.

Nine out of ten survey participants left the peel-off
label on the questionnaire. The peel-off labels were
removed from 11 percent of the health officer question-
naires, and 10 percent of the personnel officer question-
naires returned to SRBI. Only 5 of 59 health officers
reporting any type of genetic monitoring and screening
removed the label before returning it.
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Table B-2—Sample Disposition for 1989 Survey:
Fortune 500 and 50 largest utilities

Sample mailing and eligibilitv Number

Drawn sample. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Companies ineligible before mailing: merged/out

of business/bought by other company in sample.
Companies mailed questionnaires . . . . . . . . . . . . . .
Companies ineligible to complete survey . . . . . . . .

Merged/out of business/bought by other
company in sample. . . . . . . . . . . . . . . . . . . . . .

Noncontactable by mail and telephone,
no forwarding address and nonlocatable . . . .

Companies eligible to complete survey. . . . . . . . . .
Participation in survey
Total questionnaires received during field period. .

Health questionnaires received. . . . . . . . . . . . . .
Personnel questionnaires received . . . . . . . . . . .

Companies returning at least one questionnaire
during field period . . . . . . . . . . . . . . . . . . . . . . . .

Companies returning both questionnaires . . . . .
Companies returning only health questionnaire .
Companies returning only personnel

questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . .
Companies returning questionnaires after close

of field period . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Total companies returning questionnaires . . . . . . .
Nonparticipation in survey
Companies refusing to participate . . . . . . . . . . . . . .

Too busy to complete survey . . . . . . . . . . . . . . . .
Participation against company policy . . . . . . . . .
Company too decentralized for someone to

do survey . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Other refusals. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Companies in callback status: had been remailed
questionnaires . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other companies not returning questionnaires. . . .
Completion rate

(Total companies returning questionnaires/
eligible companies). . . . . . . . . . . . . . . . . . . . . .

550

3
547

18

15

3
529

453
250
203

325
128
122

75

5
330

150
41
51

5
53

45
4

62.4%
SOURCE: Office of Technology Assessment, 1990.

Field Procedures

The field procedures used in this study included:

. an advance letter, produced on OTA stationery and
signed by OTA Director John H. Gibbons, sent to the
Chief Executive Officer (CEO) of each sampled
company and union Presidents prior to mailing the
questionnaire;

a first mailing of the questionnaire with a cover letter
to the CEO, asking that one questionnaire be directed
to the firm’s chief executive for health affairs and a
second one to the chief personnel officer;
a followup letter to individuals whose replies were
not received within 2 weeks of the first mailing;
a second questionnaire mailing approximately 3
weeks after the followup letter;
a telephone followup of all Fortune 500 companies
and the 50 largest ‘utility
return both questionnaires;
telephone interviews after
lowup and remails.

Sample Disposition

companies that did not
and
repeated telephone fol-

A total of 330 organizations in the Fortune 500 and 50
largest utilities categories completed and returned at least
one questionnaire for the 1989 survey (see table B-2). An
additional 21 organizations in these groups were classi-
fied as ineligible for the survey because they had merged,
were no longer in business, or had been bought by another
Fortune 500 company or by one of the 50 largest utilities.
The overall response rate among the 529 eligible
organizations was 62.4 percent.

By comparison, the 1982 survey on genetic monitoring
and screening reported a 65.2 percent response rate
among the Fortune 500 companies, 50 largest utilities and
11 unions, based on 366 organizations returning question-
naires. One four-page questionnaire was mailed to CEO’s
and directed to chief health officers in 1982. In 1989, two
questionnaires totaling 20 pages were mailed to CEO’s,
including a 12-page instrument for chief health officers
and an 8-page questionnaire for chief personnel officers.

The 62.4 percent response rate was achieved after
repeated followup telephone calls and remails of the
questionnaires. A total of 150 companies refused to
participate in the 1989 survey, or 28 percent of the Fortune
500 companies and 50 largest utilities. These telephone
followup efforts were not conducted among the additional
sample of companies with 1,000 or more employees
because response rate comparability was not sought. A
somewhat lower response rate was obtained from this
group as a result (see table B-3).
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Table B-3-Sample Disposition for Survey:
Non-Fortune 500 Companies

Sample mailing and eligibility Number

Drawn sample ... , . . . . . . . . . . . . . . . . . . . . . . . . . .
Companies ineligible before mailing: merged/out of

business/bought by other company in sample. .
Companies mailed questionnaires. . . . . . . . . . . . . .
Companies ineligible to complete survey: merged/

out of business/bought by other company in
sample. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Companies eligible to complete survey. . . . . . . . . .
Participation in survey
Total questionnaires received during field period. .

Health questionnaires received. . . . . . . . . . . . . .
Personnel questionnaires received . . . . . . . . . . .

Companies returning at least one questionnaire
during field period . . . . . . . . . . . . . . . . . . . . . . . .
Companies returning both questionnaires . . . . .
Companies returning only health questionnaire.
Companies returning only personnel

questionnaire . . . . . . . . . . . . . . . . . . . . . . . . . . .
Companies returning questionnaires after

close of field period . . . . . . . . . . . . . . . . . . . . . . . .
Total companies returning questionnaires . . . . . . .
Nonparticipation in survey
Companies refusing to participate .,. . . . . . . . . . . .
Companies requesting mail to different address . .
No response after two mailings . . . . . . . . . . . . . . . .
Completion rate

(Total companies returning questionnaires/
eligible companies) . . . . . . . . . . . . . . . . . . . . . .

1,039

0
1,039

40
999

667
301
366

460
207
94

159

10
470

22
19

488

47.O%
SOURCE: Office of Technology Assessment, 1990.
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1982 Survey of the Use of Genetic Testing in the Workplace

There have been conflicting accounts of the ex-
tent of genetic testing and the use of its results.
In testimony given before Congress in the fall of
1981, the corporate medical director of a large
chemical company stated that except for sickle
cell trait tests, his company” . . . is not conduct-
ing genetic screening of its employees, and I am
not aware of any other company which is” (2).
However, a series of articles in the New York
Times in February 1980 alleged a widespread cor-
porate practice of such testing on American
workers (3). Furthermore, a May 1981 survey of
east coast industrial physicians indicated that
preemployment, preplacement, and periodic test-

ing for sickle cell anemia, hemoglobin disease, and
glucose 6-phosphate dehydrogenase (G-6-PD) defi-
ciency was being conducted in some large east
coast companies (l).

None of these or other accounts examined by
OTA has been based on a rigorous, scientifically
valid assessment of the use of genetic testing.
Therefore, in an attempt to dispel the confusion
and speculation and to provide necessary data for
policy analysis, OTA surveyed major U.S. indus-
trial companies, utilities, and unions about their
use of this technology.

Purpose

The survey was designed to determine: ●

● the frequency of past, present, and an-
●

ticipated genetic screening and cytogenetic
●

monitoring* in the workplace and whether
they had been conducted on a routine,
special, or research basis;

“The questionnaire used the term biochemical genetic testing to
refer to genetic screening and the term cytogenetic testing to refer
to cytogenetic monitoring.

Study design

The survey was conducted for OTA from
February 25 to June 8, 1982, by the National Opin-
ion Research Center (NORC), a nonprofit survey
research corporation affiliated with the Univer-
sity of Chicago. NORC sent confidential question-
naires to the chief executive officers of the 500
largest U.S. industrial companies, * the chief ex-
ecutive officers of the 50 largest private utility

——
“Identified by Fortune 500 listing of U.S. companies engaged in

manufacturing/mining; Fortune, vol. 103, No. 9, May 4, 1981,

which tests were used and under what
circumstances;
how the results of the tests were used; and
the criteria against which tests have been
measured to determine acceptability for use.

The survey did not attempt to establish the
number of workers involved in these tests; that
information would have required a much more
extensive effort.

companies, * * and the presidents of the 11 ma-
jor unions that represent the largest numbers of
employees in those companies.** * For further in-
formation on the study design and other aspects
of survey methodology, see appendix A. The
NORC report to OTA on the survey is in appen-
dix B.

“ “Identified by Fortune Magazine List C; Fortune, vol. 103, No.
9, May 4, 1981.

“ “ “identified in Directory of National Unions and Employees
Association (1979) by the U.S. Department of Labor.

–201–
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By the June 8, 1982, cutoff date, 366 organiza-
tions had answered the questionnaire, a 65.2 per-
cent response rate, and 26 organizations had spe-
cifically declined to do so, a 4.6 percent refusal
rate. Those who declined generally gave either
no reason for refusal or the reason of corporate
policy not to respond to surveys. (See table 1.)

Results

Overall rates of testing

Of the 366 organizations responding, 6 (1.6 per-
cent) were currently conducting genetic testing, *
17 (4.6 percent) used some of the tests in the past
12 years, 4 (1.1 percent) anticipated using the tests
in the next 5 years, and 55 (15 percent) stated they
would possibly use the tests in the next 5 years.
Most of these organizations are in manufactur-
ing/mining (particularly chemicals) or are utility
companies. Of those organizations that have
tested in the past 12 years, five are currently
doing SO. (See table 2.) Because the questionnaire
instructed respondents to include any instance
of testing, positive responses can include isolated
instances of testing as well as long-term testing
programs. Among the six companies currently
testing, two are in the chemical industry, two are
utilities, and two are in the electronics industry.
Half of those that tested in the past are chemical
companies. Of the four organizations that antici-
pate the use of genetic testing, two are conduct -
ing testing at present, one has done so in the past,
and one has never had such a program. None of
the four responding unions reported any testing.
These results are set forth in more detail in tables
3, 4, and 5.

Types of testing genetic screening and
cytogenetic monitoring

Organizations that reported some genetic
screening were asked whether they had ever
tested employees for genetic traits associated

——
“Genetic screening and/or cytogenetic monitoring

Table 1 .—Frequency of Response to Survey by 6/8/82
By Type of Response (based on 561 organizations)

Type of response Number Percent

Participated . . . . . . . . . . . . . . . . . . . 366 65.20/o
Refused to participate: . . . . . . . . . 4.60/o

Policy not to reply to surveys . (:;
Not interested, no time. . . . . . . (3)
Object to methodology . . . . . . . (1)
Phone refusal—no reason . . . . (12)

Unknown . . . . . . . . . . . . . . . . . . . . . 169 30.1 %

Total . . . . . . . . . . . . . . . . . . . . . . . 561
SOURCE National Oplnlon Research Center, survey conducted for OTA, 1982,

Table 2.—2 x 2 Contingency Table for
Organizations Engaged in Genetic Testing

(past testers by current testers)

Past testers—
Yes No Total

Current Yes 5 1 6
testers No 12 348 360

Total 17 349 366
SOURCE Nat~onal  Opinion Research Center, survey conducted for OTA, 1982.

with: (A) any red blood cell and serum disorders,
(B) liver detoxification systems, (C) immune system
markers, or (D) heterozygous chromosomal insta-
bilities. For each of the four broad categories A
through D, the questionnaire listed several exam-
ples. Of those who have ever tested, 14 of the or-
ganizations had tested in category A, 3 in category
B, 5 in category C, and none in category D. Orga-
nizations that have used red blood cell and serum
disorder tests, category A, often used more than
one type of test. The most frequently used test
in this category was that for sickle cell trait, for
which 10) organizations have tested. The G-6-PD
and serum alpha-l antitrypsin deficiency tests
were the second most frequently used. (See table
6 for a summary of the frequency of individual
genetic screening tests.)

For each test, companies were asked about the
circumstances under which the tests were done
(that is, routinely, for research, or for other rea-
sons) and the type of employee tested. Respond-
ents generally said they tested routinely or for
unspecified reasons. (See table 6.) Employees most
often were selected on the basis of ethnicity and
race for sickle cell trait testing and on the basis
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Table 3.—Distribution of Organizations By Type, Indicating Current, Past, and/or Future Use of
Genetic Testing (based on 366 responses)

Testing

Current Past Future

Organization type (number of respondents) Yes No/NAa Yes No/NAa Yes/Poss. No/NAa

Manufacturing/mining companies (322) . . . . . . . . . 4 318 16 306 49 273
Private utility companies (31) . . . . . . . . . . . . . . . . . 2 29 1 30 9 22
Unions (5) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O 5 0 5 0 5
Unknown (8) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 8 0 8 1 7

Total (366). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 360 349 307
(1.:%) (4:(A) (16%0)

SOURCE: National Opinion Research Center, survey conducted for OTA, 1982

Table 4.—Frequency of Current, Past, and/or Future Use of Genetic Testing, By Type (based on 366 responses)

Testing

Current Past Future

Type of test Yes No N/A Yes No N/A Yes Poss. No N/A

Genetic screening . . . . . . . . . . 5 350 11 12 342 12 1 53 292 20
Cytogenetic monitoring . . . . . . 2 354 10 6 348 12 3 49 294 20
SOURCE: National Opinion Research Center, survey conducted for OTA, 1982

Table 5.—Distribution of Companies by Classification,” Indicating Current, Past,
and/or Future Use of Genetic Testing (based on 366 responses)

Genetic testing
Current Past Future

Main industrial classification
(number of respondents) Yes No/NAb Yes No/NA b Yes/Poss. No/NA b

Chemical (37) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 35 8 29 11 26
Utilities (33) ‘... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Petroleum (18) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pharmaceuticals (9) . . . . . . . . . . . . . . . . . . . . . . . . .
Rubbers/plastics (4) . . . . . . . . . . . . . . . . . . . . . . . . .
Metals (16) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Others (249) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Total (366). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2 31 1
0 18 0
0 9 0
0 4 0
0 16 0
2C 247 8
6 360 17

32 10 23
18 4 14
9 3 6
4 3 1

16 2 14
241 26 223

349 59 307
(1.60/ii) (4.6%) (16.1 0/0)

aMaln Industrial classification baaed on the first listed response of respondent to question concerning the major Industrial classificatlon of their company.
b A combination response. Further breakdown impossible since the category (current, past, future) is a summary of two questions: 1) genetic screening, 2) Cytogenetic
_monitorlng. In the case of No/NA, most responses were No; for Yes/Poss. most responses were possibly. See table 4 for further breakdown.
c Both of these companies report electronics as their main industrial classification
SOURCE: National Opinion Research Center, survey conducted for OTA, 1982.

of job category for other types of tests. No orga-
nization reported basing a genetic screening test
on an employee’s sex. (See table 7.)

Of the organizations that reported cytogenetic
monitoring, four had tested for chromosomal
aberrations and two for sister chromatid ex-
changes (SCE). None reported having tested for

mutations by assaying either deoxyribonucleic
acid (DNA) or enzymes. Most frequently, no
reason was given for chromosomal aberration
testing. The two companies that did SCE testing
said it was for research purposes. (See table 6.)
Job category was the only employee-related
characteristic used to determine who would be
tested. (See table 7.)
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Table 6.—Genetic Testing Evera Conducted By Purpose and Type of Test (based on 18 responses)

Genetic screening Cytogenetic monitoring
Unspecified Unspecified

red blood immune Sister
Methemoglobin cell/serum Unspecified system Chromosomal chromatid

Purpose Sickle cell G-6-PD SAT reductase disorder liver detox markers aberrations exchanges
Routine . . . 5 3 1 0 1 1 4 1 0
Research . . 1 0 2 1 2 1 0 1 2
Other . . . . . 6 2 2 1 2 1 3 3 0

Total
number of
respondents
utilizing
test b . . . . 10 4 4 1 3 3 5 4 2

a in the past 12 years.
bsince categories above are not mutually excluslve, total can be Iest/more than sum of categories.
SOURCE: National Opinion Research Center, survey conducted for OTA, 1982.

Table 7.—Genetic Testing Evera Conducted By Criteria and Type of Test (based on 18 responses)

Genetic screening Cytogenetic monitoring
Unspecified Unspecified

red blood immune Sister
Methemoglobin cell/serum Unspecified system Chromosomal chromatid

Criteria Sickle cell G-6-PD SAT reductase disorder liver detox markers aberrations exchanges
Job category 1 2 2 0 2 1 1 2 1
Ethnicity/race 7 0 0 0 0 0 0 0 0
Sex . . . . . . . . 0 0 0 0 0 0 0 0 0

Total
number of
respondents
utilizing
test b . . . . . 10 4 4 1 3 2 4 4 2

a ln the past 12 years.
b since categories above are not mutually excluslve, total can be less/more than sum of categories.

SOURCE National Opinion Research Center,  survey conducted tor OTA, 1982,

Recipients were asked about the factors con-
sidered in the decision to implement testing and
the criteria employed in selecting specific tests.
Data from epidemiological studies, data from an-
imal studies, and other reasons such as employee
protection were the highest ranked factors in-
volved in decisions to implement genetic testing
for both genetic screening and cytogenetic mon-
itoring. (See table 8.) The predictive value of a test,
its specificity, scientific consensus, and other fac-
tors such as research findings were the factors
cited most frequently as criteria for selecting a
specific genetic test. These responses were similar
for both genetic screening and cytogenetic mon-
itoring. (See table 9.)

The types of testing carried out by current
testers were compared with those of past testers.
For genetic screening, current testers are using

Table 8.—Genetic Testing Evera Conducted
By Reasons for and Type of Testing

(based on 18 responses)

Type of testing

Reasons for deciding to Genetic Cytogenetic
implement testing screening monitoring
Data epidemiologic studies 6 2
Data animal studies . . . . . . 4 2
Legal consequences of not

testing . . . . . . . . . . . . . . . . 3 0
Union employee initiative . 3 0
Cost-benefit analysis . . . . . 2 0
Otherb . . . . . . . . . . . . . . . . . . . 4 3
a ln the past 12 years.

Includes reasons related to protecting employees, research findings.

SOURCE: Nationat Opinion Research Center, survey conducted for OTA, 1982,

a slightly greater variety of tests (tests for red
blood cell and serum disorders, liver detoxifica-
tion systems, and immune system markers) than
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Table 9.—Genetic Testing Evera Conducted By
Criteria for Test Selection and Type of Testing

(based on 18 responses)

Type of testing

Genetic Cytogenetic
Criteria b screening monitoring

Predictive value of testc . . . 5 1
Specificity of testd . . . . . . . 5 1
Scientific concensus . . . . . 4 2
Sensitivity of teste . . . . . . . 3 0
Cost of test . . . . . . . . . . . . . 2 0
Other f . . . . . . . . . . . . . . . . . . 4 3

past testers and at a slightly higher proportion
of usage. Of the six current testers, five are testing
for red blood cell and serum disorders, three for
liver detoxification systems, and two for immune
systems markers. Eight of twelve past testers had
tested for red blood cell and serum disorders,
none had tested for liver detoxification systems,
and two had tested for immune system markers.
In fact, however, because of the small numbers
involved, the only notable difference between cur-
rent and past testers may be the current use of
tests for liver detoxification systems. In any event,
testing for red blood cell and serum disorders
continues to be the most frequently used test. (See
table 10.)

A different pattern of use emerges for cytoge-
netic monitoring. Of the six current testers, one
is testing for chromosomal aberrations and one
is testing for sister chromatid exchanges. For the
12 past testers, 3 tested for chromosomal aberra-
tions and I tested for sister chromatid exchanges.
This may reflect the change in the state of the
art concerning the science of sister chromatid ex-
changes. (See table 10.) In any event, the number
of tests remain small and caution is advised in
interpreting these data.

Actions taken as a result of testing

Responses concerning the way in which the re-
sults of genetic screening or cytogenetic monitor-
ing were used varied greatly, ranging from ac-
tions involving an employee to changing or discon-
tinuing a product. Of the 18 companies that re-
ported taking some action, 8 reported that they
had informed an employee of a potential prob-
lem. Five respondents reported transferring the
“at-risk” employee. Two suggested that the em-
ployee seek another job as a result of testing. One
discontinued or changed a product. The complete
list of actions taken appears in table 11.

Generalizability of the survey

Can the results of this survey be generalized
to the population of Fortune 500 companies, large
utility companies, and major unions? An answer
to this involves two additional questions: Are the
responses equally distributed among the groups

Table 10.—Distribution of Type of Testing By Status of Tester (based on 18 responses)

Status of tester

Current N-6 Past N-12

Percent Percent
Type of testing Yes No/NA using Yes No/NA using Total

Genetic screening:
Red blood cell and serum disorders. . . . . . . . . . . . . . . . . . . . . . . . . . .
Liver detoxification systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Immune system markers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Heterozygous chromosomal instabilities . . . . . . . . . . . . . . . . . . . . . . .

Cytogenetic monitoring:
Chromosomal aberrations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Sister chromatid exchange. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mutations by assaying DNA. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Mutations by assaying enzymes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5
3
2
0

1
1
0
0
1

1
3
4
6

5
5
6
6
5

830/o
50%
33 ”/0
0%

17 ”/0
17%

00/0
0%

17“/0

8
0
2
0

3
1
0
0
0

4 67% 18
12 O% 18
10 1O% 18
12 O O /o 18

9 25% 18
11 8% 18
12 O O /o 18
12 O% 18
12 O% 18

SOURCE: National Opinion Research Center, survey conducted for OTA, 1982.



206 . Genetic Monitoring and Screening in the Workplace

Table 11 .—Actions Taken by Respondents That Have
Evera Used Genetic Testing (based on 18 responses)

Number of
Type of actionb companies
Informed employee of a potential problem 8
Transferred employee . . . . . . . . . . . . . . . . . . 5
Personal protection device . . . . . . . . . . . . . . 3
Other action . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Suggested employee seek other job . . . . . 2
Installed engineering control . . . . . . . . . . . . 2
Implemented research program . . . . . . . . . . 1
Discontinued/changed product . . . . . . . . . . 1
a ln the past 12 years.

A respondent may have taken more than one action.

SOURCE National Opinion Research Center, survey conducted for OTA, 1982.

represented in the survey? Are characteristics of
the respondents different from the nonrespond -
ents? These two questions are discussed in turn.

By the close of the survey, a discrepancy in re-
sponse rate among the groups represented in the
survey became apparent. The large corporations
had the highest response rates: 68 percent for
utilities and 61.5 percent for the top 200 com-
panies in the Fortune 500 listing; the unions and
small corporations had the lowest response rates:
36.4 percent for unions and 44 percent among
the bottom 300 companies in the Fortune 500 list-
ing. (See app. A.) The variation in response pat-
tern was most probably due to the followup ef-
forts that focused on the top 100 companies of
the Fortune 500 listing and organizations in se-
lected industrial classifications such as utilities.
Thus, the results of this survey may be more ap-
plicable to the larger manufacturing/mining and
utility companies than to smaller manufactur-
ing/mining companies and unions.

Analysis of selected characteristics of respond-
ents compared with nonrespondents is limited to
the Fortune .500 companies. Respondents and
nonrespondents were compared on the follow-
ing characteristics: geographic location, size of
organization, and type of industry. Rates of
response and nonresponse did not differ greatly
geographically. (See app. A.)

For size of company, however, the rate of non-
responses did differ widely from the rate of re-
sponses. For example, 53 percent of the nonre-
spondents were in the smallest companies, com-
pared with 32 percent of the respondents. Again,

because larger companies were used in followup
efforts, the response rates may reflect these ef-
forts. (See app. A.)

Rate of nonresponse did not vary greatly from
rate of response with respect to industry classi-
fication. Eleven industries had a slightly higher
rate of response than predicted. Of these indus-
tries, five (chemicals, petroleum refining, rubber
and plastic products, metal manufacturing, and
pharmaceuticals) were the key industries selected
for followup activities and the rates from the re-
maining six (glass/concrete, electronics, measur-
ing equipment, motor vehicles, aerospace, and of-
fice equipment) may be explained by such factors
as the effect of followup based on size of com-
pany or chance. (See app. A.)

Thus, the results of the survey may be more
representative of the larger manufacturing/min-
ing corporations and private utility companies as
identified in Fortune magazine listings; however,
the respondents do not appear to differ greatly
from the nonrespondents in geographic location
or type of company.

Comments on survey

Respondents were encouraged to write explan-
atory notes or other comments on the question-
naires and on the post cards. Thirty-one respond-
ents did so. (See app. C for complete text of com-
ments.) Three current testers sent in comments.
Two of these respondents said testing was being
done for reasons of health evaluation—preplace-
ment and/or routine monitoring; one respondent
said that such testing should not be interpreted
to mean a large-scale testing program or a prob-
lem exists.

Comments were received from two companies
that had tested in the past. Both respondents re-
ferred to testing for sickle cell trait, one at the
request of the State health department, and the
other at the request of the employer for employ-
ees of child-bearing age as part of the company’s
preventive medical program.

Seven organizations that anticipate future test-
ing but that have not conducted any testing to
date provided comments. The comments ranged
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from addressing animal research to questionnaire
improvement to any future testing being depend-
ent on “practical utility. ”

Comments received from 19 organizations that
have never tested or that do not plan to test in
the future focused on three major points. The
first was the genetic testing was not relevant to
the products or processes to which their workers
were exposed. The second was that these tests
were not sufficiently developed for use. The third
point was that the organization was satisfied with
its current conventional industrial hygiene prac-
tice and standard medical surveillance of its
workers.

Caveats

In evaluating the results of the survey, several
caveats must be considered. First, since the
questionnaire instructed respondents to include
any instances of testing, positive responses can
include isolated cases as well as long-term testing
programs. Second, the questionnaire was not
structured to provide information on the number

Conclusions

of workers tested. Positive responses indicate only
the existence of testing, not its extent. Third, since
approximately one-third of the population did not
respond and the number of organizations testing
is very small, any generalizing of these results to
the study population as a whole is not warranted.
Fourth, the level of effort employed in completing
each questionnaire is unknown. For example,
holding companies which have autonomously op-
erating subsidiaries may or may not have included
the activities of those subsidiaries in their re-
sponses. Fifth, a limitation of an anonymous ques-
tionnaire is that respondents cannot be contacted
about missing information or unclear responses.
Approximately 3 percent of the respondents failed
to answer every item in the core questions. Eight
returned questionnaires did not provide enough
information to allow the respondents to be clas-
sified as a Fortune 500 company or ‘as a utility.
Sixth, the use of post cards for followup has pit-
falls: respondents may return post cards but not
questionnaires or vice versa; NORC received 293
post cards and 366 questionnaires. This may have
resulted in duplication of information or mini-
mized the effect of followup.

The survey of major U.S. industrial companies,
utilities, and unions has shown that genetic testing
currently is being used by a few companies, that
its use has declined in the past 12 years, but that
it may be used by many more companies in the
future. The responses cannot be generalized to
the survey population or to all U.S. companies and
labor unions. However, it is clear that 17 organiza-
tions have used genetic testing in the past 12
years, 5 of the 17 and 1 other currently are do-
ing so, and 59 organizations have expressed an
interest in using these tests. None of these orga-
nizations is a union. The extent of testing by these
organizations is unknown.

Further, of the 18 companies that have ever
conducted genetic testing in the past 12 years,
more companies have conducted genetic screen-
ing (17 companies) than cytogenetic monitoring
(8 companies). Tests for sickle cell trait were the

most frequently used type of genetic screening
and tests for chromosomal aberrations were the
most frequently used type of cytogenetic monitor-
ing. Research was the least frequently mentioned
purpose for testing. Respondents generally tested
routinely or for other unspecified reasons. The
type of employee chosen for testing was based
most often on ethnicity and race for sickle cell
trait testing, and job category for other types of
tests. Sex was never stated as a criterion used in
determining the test of choice. Actions taken on
the results of the tests ranged from informing the
employee of a potential problem (eight companies)
to discontinuing or changing the product (one
company).

Data from epidemiological and animal studies
were the most frequently cited factors in the deci-
sion to implement testing of those companies that
tested. A cost-benefit analysis was the least impor-
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tant factor. The predictive value and specificity while research findings were most important in
of a test were the most important criteria in the the selection of the specific cytogenetic monitor-
selection of the specific genetic screening test, ing test.
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Appendix D

Federal Research in Genetic Monitoring and Screening

Both the public (State and Federal) and private research
funding sectors place a high priority on projects related to
human genetics. Part of these efforts include basic
research applicable to genetic monitoring and screening
in the workplace. Assessing State programs that could
involve applications was beyond the scope of this report.
However, State spending in biotechnology, including
some applications to human genetics was documented
recently in New Developments in Biotechnology: U.S.
Investment in Biotechnology (2). Similarly, surveying
private funding efforts in basic research on genetic
monitoring and screening was not possible, although the
Office of Technology Assessment (OTA) identified that
chief among private resources in this area is the Howard
Hughes Medical Institute (HHMI). In fiscal year 1989,
HHMI funded over 100 studies related to human genet-
ics—many of which could be important to future applica-
tions of genetic monitoring and screening (l).

Several Federal agencies fund research applicable to
genetic monitoring and screening. This appendix de-
scribes federally funded projects underway as of early
1990. Because of the wide variation in both accounting
and definitions used by agencies that fund research related
to genetics (2), OTA did not attempt to determine the
funding levels for genetic research with potential use in
the workplace (2). Rather, OTA contacted Federal agen-
cies and asked them to describe areas of basic research
they conducted intramurally, or funded extramurally, that
could have implications for genetic monitoring and
screening in the workplace (all of the data available from
the agencies by April 1990 is included here).

Department of Energy

Although the U.S. Department of Energy (DOE) does
not directly support a program in occupational safety and
genetics, DOE does conduct research into the effects of
energy-related agents on human health. DOE, through the
Office of Health and Environmental Research, supports
approximately 150 projects investigating the effects of
radiation and chemicals on living systems, including
human health effects. In addition, much of the $27 million
DOE is investing in the human genome project in fiscal
year 1990 will result in improved ability to carry out
genetic monitoring and screening.

As in the past, much of DOE’s current genetic research
focuses on the development of genetic monitoring tests.
A new test, the glycophorin assay, which measures
mutations in red blood cell surface proteins, is being
applied in the Hiroshima and Nagasaki studies, as well as
in studies related to the Chernobyl accident. Cytogenetic

tests comprise an important part of many DOE projects.
Research in genetic monitoring tests is still in early stages,
but includes assays for DNA repair, sister chromatid
exchange, and DNA adduct formation. DOE is also
working on a number of models for cellular response to
genetic damage in an attempt to elucidate the role of
genetic change per se and subsequent disease. A note-
worthy feature of DOE-funded research is a focus on
health effects of radiation, including ultraviolet radiation.
A number of DOE projects are also investigating the
carcinogenic effects of different chemicals and different
radiation exposure levels.

Department of Health and Human Services

The U.S. Department of Health and Human Services
(DHHS) is the principal government department respon-
sible for research funding in genetic monitoring and
screening. Through several different agencies, DHHS
funds three broad categories of basic research that could
be important to genetic monitoring and screening in the
workplace:

● pursuing new genetic screening tests for specific
diseases;

. developing general DNA assays for monitoring
genetic damage; and

● identifying substances that damage DNA.

DHHS agencies involved in genetic monitoring and
screening research include the Agency for Toxic Sub-
stances and Disease Registry (ATSDR), the Center for
Environmental Health and Injury Control (CEHIC), the
National Center for Toxicological Research (NCTR), the
National Institute for Occupational Safety and Health
(NIOSH), and the National Institutes of Health (NIH).

Agency for Toxic Substances and
Disease Registry

Established in 1983 within the U.S. Public Health
Service (PHS), ATSDR funds several activities designed
to protect public health and worker safety. Empowered
with health-related mandates under the Superfund Act,
ATSDR is charged with determining the health effects
associated with exposure to hazardous substances. Where
necessary, ATSDR is to develop scientific methods to
measure the linkages between human exposure to hazard-
ous substances, with particular concern about substances
stored in sites covered by Superfund, and adverse health
effects. ATSDR funds several projects related to genetic
monitoring and screening in cooperation with both
CEHIC and the National Toxicology Program (NTP).
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Genetic monitoring tests are a component of work
funded by ATSDR. In supporting research through
CEHIC, ATSDR is investigating different DNA assays as
markers of genetic damage. In particular, one project
hopes to develop an assay of human leukocyte cells as an
indicator of potentially harmful effects of environmental
agents. ATSDR also is cooperating with NTP to test the
toxicological effects of chemicals and substances relevant
to the Superfund legislation. These studies occasionally
employ cytogenetic tests to evaluate DNA damage by
hazardous substances. Finally, studies underway also
include direct evaluation of chemically altered DNA.

Center for Environmental
Health and Injury Control

As the focal group for nonoccupational injury control
within the Centers for Disease Control (CDC), CEHIC
conducts research in several fields of environmental
health. Among CEHIC responsibilities are the prevention
of chronic diseases and their morbidity and mortality.
CEHIC research includes all aspects of chronic disease,
including diagnosis and treatment. Many of these dis-
eases, such as cardiovascular disease, neoplasia, and
diabetes have distinct genetic components to be tested and
identified.

A second responsibility of CEHIC is cancer treatment
and control, including the genetic aspects of carcinogene-
sis. For example, for coronary heart disease (CHD),
CEHIC is developing methods of measuring blood-
cholesterol and investigating genetic factors in CHD. In
addition to general research in chronic diseases, three
particular projects could have important implications for
genetic monitoring and screening in the workplace: the
role of genetic and oncogenic factors in leukemia and
other cancers; the identification of biological and genetic
markers associated with chemical effects; and the devel-
opment of fluorescent assays to detect DNA adduct
formation or sister chromatid exchanges. CEHIC also
funds studies of radiation effects on human health and
chemical toxicology, both areas that could lead to
advances in genetic monitoring and screening in the
workplace.

National Center for Toxicological Research

Operated within the U.S. Food and Drug Administra-
tion, NCTR investigates the biological effects of poten-
tially harmful chemical substances. As applied to genetic
monitoring and screening, much of NCTR’s efforts
emphasize genetic monitoring, e.g., the health effects of
prolonged, low-level exposure to and the biochemical
effects of chemical toxicants. Like the National Institute
of Environmental Health Sciences (NIEHS), NCTR  also
participates in cooperative research with NTP.

Genetic monitoring research conducted by NCTR falls
into two different categories: studies to detector elucidate

the mechanism of genetic damage; and studies of specific,
chemical-caused damage. Projects cover DNA repair,
general effects of chemicals on replication-repair mecha-
nisms, nuclear matrix markers of toxicology, sister
chromatid exchanges in mice, and the DNA repair system
as a test for genetic damage. NCTR also is measuring the
effects of known carcinogens on chromosomal damage,
and hopes to extrapolate the data to chemicals with
unknown genetic effects. NCTR  investigations address-
ing specific chemicals focus on environmentally perva-
sive chemicals. During fiscal year 1988, NCTR projects
investigated over 25 different chemicals, as well as
studies on others supported through NTP.

National Institute for Occupational Safety
and Health

NIOSH is a research agency that is part of CDC. It is
the lead Federal agency for research into occupational
safety and health problems. NIOSH supports intramural
and extramural research in a variety of areas related to
genetic monitoring and screening. NIOSH participates in
cooperative projects with NTP, National Cancer Institute
(NCI), and the U.S. Environmental Protection Agency
(EPA).

Many of NIOSH’s projects investigate exposure and
disease surveillance of occupational cancers. Such proj-
ects include studies of environmental monitoring, bio-
logical monitoring methods, and medical screening (3).
Test mechanisms under review include the methodologies
to assess DNA adducts, assays as screening tests to
determine the carcinogenic potential of chemicals, moni-
toring methods for various chemicals, sister chromatid
exchanges, and chromosomal micronuclei. In addition,
extensive epidemiological research is conducted to assess
the association between work-related exposure to toxic
and hazardous substances and the risk of developing
disease (primarily cancer). An example is a study of
workers exposed to ethylene oxide and their risk of
developing leukemia.

National Institutes of Health

Under its general mission to promote the health of the
American people, NIH conducts intramural and supports
extramural biomedical research in many fields, including
disease prevention. Apart of PHS, NIH is composed of 20
major institutes and centers for public health research.
Research into the genetic basis of human disease is
conducted by many of the member institutes of NIH,
including NCI; the National Heart, Lung, and Blood
Institute; the National Institute of Diabetes and Digestive
and Kidney Diseases; and NIEHS.

For fiscal year 1990, NIH has awarded over $104
million in grants to support 627 projects that both directly
and indirectly relate to genetic monitoring and screening.
The majority of NIH research funds are directed to
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independent and university-sponsored research groups.
Current projects include investigations of: the possible
genetic predisposition to alcoholism; cellular DNA repair
processes; hazardous occupational and environmental
exposures; and chemical toxicity.

National Institute of Environmental Health Sci-
ences—NIEHS supports research on the effects of chemi-
cal, biological, and physical factors on human health. A
particular research focus of NIEHS is the interaction
between these factors and human genetic material as
applied to genetic monitoring (e.g., adduct formation).
NIEHS conducts intramural research and contributes to
private and public projects, including work with NTP.

Intramural and extramural research supported by
NIEHS includes a wide array of genetic toxicology
experiments that provide new insight to the mechanisms
of genetic damage. One area of intensive NIEHS investi-
gation is cancer risk from environmental exposure.
Researchers currently are studying human bladder cancer,
carcinogen-induced DNA damage, breast cancer, liver
tumors, and the role of mutation in cancerous cells.
NIEHS-funded projects are pursuing test procedures for
detecting genetic damage. Test mechanisms under review
at NIEHS include lymphocyte markers, DNA adduct
detection, and sister chromatid exchange. Other NIEHS
investigations include projects to elucidate the general
mechanisms of replication, DNA synthesis, and DNA
repair in order to gain an understanding of the role of
mutations and DNA repair in genetic disease.

National Toxicology Program

Primarily through contract funding, NTP conducts
experimental investigations into the toxicity of environ-
mental substances. As a cooperative program within PHS,
NTP research projects are funded by several agencies,
including NIEHS, ATSDR, and NCTR. An important part
of NTP research involves its efforts in development,
standardization, validation, and field application of toxi-
cology tests, including genetic toxicology. NTP projects
applicable to genetic monitoring and screening fall within
several programs, including cytogenetic testing, genetic
toxicology, and germ cell mutation. NTP’s cytogenetic
testing program includes efforts to develop highly reliable
assays with respect to certain mutagens and involving
sister chromatid exchange or other chromosomal aberra-
tions.

Department of Veterans Affairs
The U.S. Department of Veterans Affairs (VA) does

not support work that directly applies to genetic monitor-
ing and screening in the workplace. As with many Federal
research programs, the projects supported by VA include
several areas that could become applicable to both genetic
monitoring and screening. Cancer morbidity and mortal-
ity is a major area of concern in the VA patient population.

In particular, several VA facilities are involved in
investigating the role of genetics, if any, in carcino-
genesis. Cancers of the bowel, bladder, and liver are of
particular concern. In the area of genetic monitoring,
some basic research to identify specific damage caused by
certain chemicals is being conducted by VA. Most
chemicals under review are those that veterans could have
been exposed to in the course of duty, including ethanol,
dioxin, and other Agent Orange components. VA also
funds some projects in radiation effects, especially effects
of low-level exposures. Finally, VA research includes
genotoxic effects of drug therapies for long-term treat-
ment of certain physiological and psychological disor-
ders.

Environmental Protection Agency

Since its establishment in 1970, EPA’s research efforts
have included, to some extent, research to assess the
effects of toxic substances on human populations. A
recent EPA report recommended expansion of its research
efforts to include investigation of the effects of chemicals
on the environment and on humans (4).

In the face of accelerating demands, extramural collab-
oration and coordination are becoming increasingly
important tools in advancing EPA’s research agenda.
EPA supports several research projects in the area of
genetic monitoring. Current EPA-sponsored studies are
addressing two main issues: associations between expo-
sure, biological effects, and disease (e.g. the relationship
between chemical damage to DNA and chromosomal
damage); and the determination of the predictive value of
chemical, gene mutation, or chromosomal damage meas-
ured inhuman tissues and the risk of cancer in the affected
individual.

EPA projects applicable to genetic monitoring fall
within two divisions, the Genetic Toxicology Division
and the Health Effects Research Laboratory (HERL),
located in Research Triangle Park North Carolina. Much
of their research focuses on evaluating methods of
assessing human exposure to genotoxins. Related efforts
include research in DNA adduct formation, genetic
bioassays, biomonitoring, and biochemical epidemiol-
ogy. Research at HERL should help define which
biological mechanisms identified in experimental studies
are relevant in the assessment of health effects from
specific exposures in humans.

National Science Foundation

The National Science Foundation (NSF) promotes the
progress of science through the funding of research and
education projects in many fields, including genetics.
While NSF does not sponsor research of a clinical nature,
it does support extramural basic research projects that
indirectly apply to genetic monitoring and screening.
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Programs supported in fiscal year 1989 include research
on the spontaneous and mutagen-induced DNA deletions
responsible for many disease-related genetic events. NSF
is also currently investigating the potential use of a 3.
bacterial virus as an efficient, and rapid identification of
the mutational products of different types of DNA lesions.
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Appendix E

Survey Instrument: Corporate Health Officers

SURVEY OF WORKPLACE HEALTH AND
GENETIC SCREENING AND MONITORING

CORPORATE HEALTH OFFICER VERSION

The Congressional Office of Technology Assessment is conducting a national survey of the opinions and expe-
riences of employers related to the usc of genetic screening and monitoring in the workplace. This question-
naire has been directed to you as the person in your organization whose responsibilities include employee
health. We need your assistance in answering, as best you can, some questions about workplace testing and
employee health in your company.

For the purposes of this survey and the subsequent report, OTA has adopted the following definitions. By
genetic monitoring we mean periodically examining employees to evaluate modifications of their genetic mate-
rial via tests such as cytogenetic or direct-DNA tests. By genetic screening we mean screening job applicants or
employees for certain inherited characteristics. Screening tests may be biochemical tests or direct-DNA tests.
They can be used to indicate a predisposition to an occupational illness if exposed to a specific environmental
agent, or they could be used to detect any inherited characteristic such as Huntington’s disease. In contrast to
periodic monitoring screening tests are generally performed only one time per characteristic

This is an important study, which has been requested by the Congress of the United States, designed to repre-
sent the opinion and experience of the employer. We need to know how employers view the technologies of
genetic screening and monitoring in terms of their current and future applications to the workplace. We also
want to know how these technologies are seen in the broader context of more common forms of employee
health screening and monitoring in the workplace.

Your responses are very important, regardless of whether you have had any experience with genetic screening
or monitoring. If your company has never explored the technology, the questionnaire will only take ten
minutes. If you have some experience with the technology, it may take a little longer to complete the question-
naire. In either case, your experiences and opinions will help to inform congressional, opinion about this area.

Please read each question and mark the box(es) that most nearly corresponds to your answer. After each
answer continue with the next question unless there is an instruction to skip to a particular question. Please
feel free to qualify your answers, if you feel it is necessary. Space has been provided at the end for comments
and opinions that you feel arc not adequately represented by the survey questions.

You arc free to decline to answer any questions that you consider inappropriate. The questionnaire and any
identifying information will be destroyed after data entry, so that all responses will be anonymous as well as
confidential.

1. In your company, are pre-employment health examinations required of all, most, some, few, or no
job applicants?

u ❑
All Host Few

❑
Nom ~ SKIP to Q.6
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2. Would your company consider It acceptable or unacceptable to conduct a pre-employment health examina-
tion in order to:

Identify Job applicants

Identify job applicants

identify Job applicants

Identify job applicants

ldentify job applicants

Identify job applicants

ACCEPTABLE

who are physically unfit for employment. . . . . . . . . . . . . . .❑

who are emotionally or psychologically unstable . . . . . . . ❑

who are currently using drugs . . . . . . . . . . . . . . . . . . . . . . . . .• 1

who are at increased risk to workplace hazards . . . . . . . . ❑

with genetic susceptibility to workplace exposures.... ❑

who represent high insurance risks . . . . . . . . . . . . . . . . . . . . ❑

UNACCEPTABLE

❑

❑

❑

3.Whichofthe following are normally part of the pre-employment examination in your company for
non-administrative positions? (MARK ALL THAT APPLY)

Personal medical history . . . . . . . . . . . . . . ❑

Family medical history . . . . . . . . . . . . . . . . ❑

Simple physical examinations . . . . . . . . . .• 1

Standard blood chemistry tests . . . . . . . . ❑
EKG ● 0..0....  .*,. . . .*,.  ● . . , . , , . . .  ● * * * * . a

Chest X-ray . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑

Pulmonaryfunctlon test. . . . . . . . . . . . . . . ❑
Eye and hearing exam. . . . . . . . . . . . . . . . . . ❑
Urinalyses for drug use. . . . . . . . . . . . . . . ❑

Lower back X-ray....................o. u

4. Which of the following types of results of pre-employment examinations would normally be releasedtojob
applicants?

Normal results (negative findings) . . . . . . . . ..*.***,.. . . . . . . . . . . . . . . u

Positive findings already indicated in medical history . . . . . . . . . . . .• 1

Positive findings not reflected in medical history . . . . . . . . . . . . . . . . ❑
Positive findings which disqualify them for employment. . . . . . . . . . . . ❑
Positive findings which affect position/site eligibility . . . . . . . . . .• l

All of the above . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .,.. ❑
None . . . . . . . . . . . . . . . . . . . . . . . . . . . ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑~SKIPTOQ.6

5. How would that information normally be released to job applicants?

❑
Letter Consultationwith Both

medical staff

❑
Other
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6. Are there any specific medical criteria, other than those mandated by regulation, that would exclude individ-
uals from eligibility for certain positions, jobs or sites in your company (e.g., hypersensitivity to dust or
platinum, pregnancy)?

IJ
Yes No~ SKIP

6a. Which medical criteria would exclude employment in which jobs?

Medical Criteria Excluded Position/Job/Site

*

TO Q.7

A.

2.

3.

7. Are any employees in your company exposed to chemicals or ionizing radiation in the workplace setting?

❑ *

Yes Ho ~ SKIP TO (2.8

7a. Arc those employees who are exposed to chemicals or ionizing radiation
prolonged exposure?

routinely rotated to avoid

❑ o
Yes No

7b. Does your company conduct any form of medical surveillance of employees whose job may expose
them to environmental health risks, other than testing required by OSHA?

❑ n
Yes No

8. Are any employees in your company exposed to any known workplace condition where there is a greater risk
of negative health outcome, depending upon individual susceptibilities?

❑ ❑
Yes No ~ SKIP TO Q.9

8a. Do you conduct any form of screening to identify employees or job applicants at increased risk for
these jobs? —

KI
Yes No ~ SKIP TO (?.9

8b. Which, if any, of the following types of screening are conducted to identify increased individual sus-
ceptibility to workplace risk?

❑ c1 ❑ ❑
Medical History Non-genetic screening Genetic screening MM

(e.g., lower back X-ray,
allergy testing)
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9a. As part of ongoing worker health evaluation does the company require, as a condition of continued em-
ployment, all employees, only those in certain plants or jobs, only employees with certain medical condi-
tions or histories, or no employees to have:

a. Routine physi

9b. Which of these tests (in Q.9a-g), if any, do you offer to employees
on a voluntary basis as part of a corporate wellness program?

--------  Q. !ka
ML PLANTS/

JOBS

c a l  e x a m i n a t i o n  ❑
b. Test for hypersensitivity . . . . . . . ❑ n

c. Hearing tests . . . . . . . . . . . . . . . . . . . ❑ 0

d. Pulmonary function tests . . . . . . . . ❑ o

e. Vision tests . . . . . . . . . . . . . . . . . . . . ❑ 0

f. Chest X-rays . . . . . . . . . . . . . . . . . . . .❑ n

g. Blood chemistry tests . . . . . . . . . . . ❑ o

REQUIRE --------
CONDITIONS/

HISTORIES NONE

❑
❑
❑

❑
❑
❑
❑

--- Q. % -----
OFFER V(XMITARY

YES NO

❑ n
❑ 0
❑ 0
ran
❑ o

10. Would your company consider the usc of genetic screening or monitoring of employees or job applicants as
generally acceptable or generally unacceptable to:

GENERALLY
ACCEPTABLE

Make a clinical diagnosis of a sick employee ● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . n

Establish 1 inks between genetic predisposition and workplace hazards . . . . . . . . . . .• 1

Inform employees of their increased susceptibility to workplace hazards . . . . . . . . ❑

Exclude employees with Increased susceptibility from risk situations . . . . . . . . . . . ❑
Monitor chromosomal changes associated with workplace exposures . . . . . . . . . . . . . . . . ❑
Establish evidence of pre-employment health status for liability purposes . . . . . .• 1

GENERALLY
UNACCEPTABLE

c1

❑

11. Does your company have a formal policy related to the use of genetic tests in the screening of job applicants
or employees?

❑
Yes No

12. Does your company have a formal policy related to the use of genetic tests in the monitoring of employee
health?

❑ ❑
Yes No



Appendix E--Survey Instrument: Corporate Health Officers .217

13. Is your company currently conducting biochemical genetic screening of any employees or job applicants, for
research or any other reason?

❑
Yes No Not Sure

14. Has your company conducted any biochemical genetic screening of any employees or job applicants, for
research or any other reason in the past 19 yearn?

❑ ❑ R
Yes No Not Sure

15. Is your company currently conducting cytogenetic monitoring of any employees or job applicants, for re-
search or any other reason?

n ❑ ❑
Yes No Not Sure

16. Has your company conducted any cytogenetic monitoring of any employees or job applicants, for research
or any other reason in the past 19 years?

❑ ❑
Yes No Not Sure

17. Is your company currently conducting direct-DNA screening of any employees or job applicants, for re-
search or any other reason?

❑• 1
❑

Yes Ho Not Sure

18. Is your company currently conducting direct-DNA monitoring of any employees or job applicants, for
research  or any other reason?

u El
Yes Ho Not Sure

19. Has your company conducted any of the following tests, either currently or in the past, as part of a volun-
tary wellness program, at the request of an employee, or for diagnosis? (MARK ALL THAT APPLY)

a. As part of a voluntary
wellness program

b. At the request of the
employee:

c. For diagnosis:

BIOCHEMICAL
GENETIC

SCREENING

Currently.. . . . . . . . . . . . . . .❑

In past 19 years . . . . . . . . .• 1

No. . . . . . . . . . . . . . . . . . . . ● . . ❑
Not sure. . . . . . . . . . . . . . . . . ❑
Currently.. . . . . . . . . . . . . . .• 1

In past 19 years . . . . . . . . . ❑
No. . . . . . . . . . . . . . . . . . . . . . . ❑
Not SUre. . . . . . . . . . . . . . . . . ❑
Currently.. . . . . . . . . . . . . . .• 1

In past 19 years . . . . . . . . . ❑
No. . . . . . . . . . . . . . . . . . . . . . . ❑
Not sure. . . . . . . . . . . . . . . . . c1

CYTOGENETIC
MONITORING

❑

c1
❑
❑
❑
c1
❑
a
❑
❑
n

DIRECT-DNA
SCREENING

❑
0
❑
❑
u

❑

❑
n

❑

DIRECT-DNA
MONITORING

c1

❑
❑
n

❑
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IF YOUR COMPANY HAS NEVER DONE BIOCHEMICAL GENETIC SCREENING, CYTOGENETIC
MONITORING, DIRECT-DNA SCREENING, OR DIRECT-DNA MONITORING, SKIP TO QUESTION 28
ON PAGE 8

IF YOUR COMPANY HAS DONE CYTOGENETIC MONITORING, DIRECT-DNA SCREENING, OR
DIRECT-DNA MONITORING OF EMPLOYEES, FOR ANY PURPOSE, BUT NOT BIOCHEMICAL
GENETIC SCREENING, SKIP TO QUESTION 21 ON PAGE 7

IF YOUR COMPANY HAS EVER DONE BIOCHEMICAL GENETIC SCREENING OF ANY EMPLOYEE,
FOR ANY PURPOSE, PLEASE CONTINUE WITH QUESTION 20

20. Which of the following types of biochemical screening tests are being conducted by your company of any
employees or job applicants? (MARK ALL THAT APPLY)

FOR EACH TEST CONDUCTED, MARK WHETHER THE TESTING IS BEING DONE ON A ROUTlNE BASIS FOR HEALTH
SURVEILLANCE. AS PART OF A VOLUNTARY RESEARCH PROGRAM. AS PART OF FOLLOW-UP DIAGNOSIS. OR AS
PART OF A VOLUNTARY WELLNESS PROGRAm,OR  ONLY AT THE REQUEST OF An EMPLOYEE

NOT
DONE

Sickle cell trait . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Glucose-6-phosphate dehydrogenase
deficiency (G-6-PO) . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

Methemaglobin reductase deficiency . . . . . . . . . . . .• 1

Serum alpha-1-antitrypsin deficiency. . . . . . . . . .• 1

Alpha and beta thalassemias . . . . . . . . . . . . . . . . . . .• 1

Aryl hydrocarbon hydroxylase
inducibility (AHH) . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Slow vs. fast acetylatlon. . . . . . . . . . . . . . . . . . . . .• 1

Allergic respiratory disease . . . . . . . . . . . . . . . . . ❑
Contact dermatitis . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Histocompatibility  markers (HLA) . . . . . . . . . . . . . . ❑
Other immune system markers . . . . . . . . . . . . . . . . . . .• 1

Bloom syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Fanconi syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Ataxia-telangiectasia . . . . . . . . . . . . . . . . . . . . . . . .• 1

Xeroderma  pigmentosum . . . . . . . . . . . . . . . . . . . . . . . . ❑
Other heterozygous chromosome?
instabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑

ROUTINE
HEALTH

SURVEILLANCE

❑

❑

❑

❑
❑
El

❑

❑

VOLUNTARY
RESEARCH
PROGRAM

❑
❑
❑

❑

❑

❑

❑

FOLLOW-UP
DIAGNOSIS

❑

❑

❑

❑

❑

n

VOLUNTARY AT
WELLNESS

----- -----

PROGRAM

El

❑

❑
❑
❑

EMPLOYEE
REQUEST

❑

❑

❑

❑
❑

❑
❑

n
❑
❑
❑

❑
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ROUTINE
NOT HEALTH

DONE SURVEILLANCE

Other (SPECIFY)

●  ..0...0. . . . . .
❑

22. Has genetic screening or monitoring ever been done in your company based on:

YES NO

Family history ● 0.0..... . . . . . . . . . . . . . . . . . ❑ ❑
Gander . . . . . . . . . . . . . . . . . ● .*...... . . . . . . . . n ❑
Ethnic or racial background . . . . . . . . . . . . .• 1 ❑
Co-factors (e.g., smoking). . . . . . . . . . . . . .• 1❑
Job exposures . . . . . . . . ● . . . . . . . . . . . . . . . . . .• 1• 1

23.

24.

❑

❑
❑
❑

❑

❑

❑
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25. Does your company employ or contract with a genetic counselor?

❑
Employ Contract with Neither

26. Has an employee ever been referred for genetic counseling by your company% medical staff as a result of
any medical or genetic testing?

Yes
❑
No

27. As a result of a genetic screening or monitoring program has your company ever..-?

YES

Suggested an emloyee seek job elsewhere . . . . . . . . . . ❑
Placed an employee or transferred an
employee to a different job in the company . . . . . . . . ❑
Implemented engineering control . . . . . . . . . . . . . . . . . . .K1

Recommended personal protection devices. . . . . . . . . . .• 1

Implemented a research program . . . . . . . . . . . . . . . . . . .• 1

Discontinued a product or changed
materials in a product . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑

NO

❑

El
❑
❑

❑

28. Has your company ever instituted or changed a workplace practice or exposure level due to the
results of:

29.

NO

❑

❑
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Other (SPECIFY)

. . . . . . . . . .• 1❑

❑ ❑ ❑
Yes No Not sure
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36. Does your company anticipate conducting any direct-DNA monitoring for any reason, in the next five
years?

Yes
❑
No Not Sure

37. Which office/division within the company is/will be responsible for administering genetic tests?

38. Which position/ofl’ice within the company Mill be responsible for interpreting genetic test results?

39. Which office in your company is responsible for employee health records?

tkdfcal/Occupational health. . . . . . . . . .• 1

Personnel . - . . . . . . . . . . . . . . . . . . . . . . . . .n

otti (SPECIFY)

40. Does your company permit access to employee medical records -- at company discretion, with employee
permission, or both, to:

AT COMPANY
DISCRETION

Personnel department . . . . . . . . . . . . . ❑
Health Insurance carriers . . . . . . . . ❑
Life insurance carriers . . . . . . . . . .• 1

Disability insurance carriers.... u

Unions . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

Other companies. . . . . . . . . . . . . . . . . .• 1

Employee . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Employee’s spouse . . . . . . . . . . . . . . . . u

Other family.. . . . . . . . . . . . . . . . . . . . ❑

EMPLOYEE
PERMISSION

❑
❑
❑
❑
❑
❑
❑

❑

BOTH

❑

u
❑

❑
❑
❑
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GENERAL ATTITUDES

41. How do you feel about the following general statements concerning genetic screening and monitoring in the
workplace? For each statement, please indicate whether you agree strongly, agree somewhat, disagree
somewhat, or disagree strongly.

AGREE AGREE DISAGREE DISAGEE
STRONGLY SOMEWHAT SOMEWHAT STRONGLY

It’s fair for employers to use
genetic screening to identify
individuals whose increased risk
of occupational disease poses the
potential for greater costs to the
employer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ un
The employer should have the option
of deciding how to use the information
obtained through genetic screening
and monitoring . . . . . . . . . . . . . . . . . . . . . . . . ❑ 00

The decision to perform genetic
screening of job applicants and em-
ployees should be the employer’s... . . . ❑ 00

The decision to perform genetic
monitoring of employees should be
the employer’s. . . . . . . . . . . . . . . . . . . . . . . . ❑ ncl

Government agencies should provide
guidelines for genetic screening of
job applicants and employees. . . . . . . . . . ❑ 00
Government agencies should provide
guidelines for genetic monitoring of
employees ● 0....... . . . . . . . . . . . . . . . . . . . . ❑ 00

Genetic screening in the workplace
represents a potential threat to
the rights of employees. . . . . . . . . . . . . . . ❑ 00

❑

❑

❑

❑

❑

DEMOGRAPHICS

D1. What is the major industrial classification of your company (sue.haschemicals,fo@textil~etcJ ?

D2. Approximately how many persons are employed in the Unlted States by your company?

• 1❑• 1• 1
Less than 1,000 1,000-4,999 5,000-9,999 10,000 or more

D3. What proportion of the establishments in your company have occupational health care professionals on
premises?

❑ 00
All Host Few None

D4. Which of the following types of health professionals are employed, either full or part time, as part of the
occupational health staff of this company?

❑ ❑
Physicians Physician Nurse Registered

(MD/Do)
Industrial Other health

assistants practitioners nurses hygienists professionals
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D5 What is your job title?

D6. What are your main job responsibilities?

Thank you very much for your cooperation in answering our questions. We would also like to give you an
opportunity to give us any other opinions, concerns or suggestions related to genetic testing in the workplace
that you feel our questions did not address. These comments may be “incorporated in our report to Congress.
We would also appreciate your comments on any survey questions that you found confusing or difficult to
answer, to help us analyze the results. Please write these comments below.

We have attached a peel-off identification number on the questionnaire. This is the only link between the
companies who were sampled and the questionnaires returned. We would prefer that you leave the identifica-
tion number on the questionnaire when you return it. Our staff will remove the label upon receipt, making the
questionnaire completely anonymous. No linkage between companies and questionnaires will be retained. The
label from the completed questionnaire will allow us to eliminate your company from those that we have to
recontact.

However, if you feel that you cannot complete the questionnaire if there is even temporary identification, then
peel off the label before returning the questionnaire. We appreciate your help and we want YOU to be Comfort-

able with doing the survey.

PEEL OFF LABEL
I D E N T I F I C A T I O N

WITH SAMPLE
NUMBER HERE

PLEASE RETURN IN THE POSTAGE PAID RETURN ENVELOPE SENT WITH THE QUESTIONNAIRE.
IF THE RETURN ENVELOPE HAS BEEN LOST, THE RETURN ADDRESS IS:

Schulman, Ronca and Bucuvalas, Inc.
444 Park Avenue South
New York New York 10016

(212) 4814$200 Attn: Dr. Mark Schulman
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Survey Instrument: Corporate Personnel Officers

SURVEY OF WORKPLACE HEALTH AND
GENETIC SCREENING AND MONITORING

CORPORATE PERSONNEL OFFICER VERSION

The Congressional Office of Technology Assessment is conducting a national survey of the opinions and expe-
riences of employers related to the usc of genetic screening and monitoring in the workplace. This question-
naire has been directed to you as the person in your organization whose responsibilities include personnel
issues. We need your assistance in answering, as best you can, some questions about workplace testing and
employee health in your company.

For the purposes of this survey and the subsequent report, OTA has adopted the following definitions. By
genetic monitoring we mean periodically examining employees to evaluate modifications of their genetic mate-
rial via tests such as cytogenetic or direct-DNA tests. By genetic screening wc mean screening job applicants or
employees for certain inherited characteristics. Screening tests may be biochemical tests or direct-DNA tests.
They can be used to indicate a predisposition to an occupational illness if exposed to a specific environmental
agent, or they could be used to detect any inherited characteristic such as Huntington’s disease. In contrast to
periodic monitoring screening tests arc generally performed only one time per characteristic.

This is an important study, which has been requested by the Congress of the United States, designed to repre-
sent the opinion and experience of the employer. We need to know how employers view the technologies of
genetic screening and monitoring in terms of their current and future applications to the workplace. We also
want to know how these technologies are seen in the broader context of more common forms of employee
health screening and monitoring in the workplace.

Your responses arc very important, regardless of whether you have had any experience with genetic screening
or monitoring. If your company has never explored the technology, the questionnaire will only take ten
minutes. If you have some experience with the technology, it may take a little longer to complete the question-
naire. In either case, your experiences and opinions will help to inform congressional opinion about this area.

Please read each question and mark the box(es) that most nearly corresponds to your answer. After each
answer continue with the next question unless there is an instruction to skip to a particular question. Please
feel free to qualify your answers, if you feel it is necessary. You arc free to decline to answer any questions that
you consider inappropriate. The questionnaire and any identifying information will be destroyed after data
entry, so that all responses will be anonymous as well as confidential. Space has been provided at the end for
comments and opinions that you feel arc not adequately represented by the survey questions.

We would like to begin with a few questions about your views on the appropriateness of employee testing in
certain workplace situations.

1. Do you think that it is generally appropriate or generally inappropriate for a company to require pre-
employment health examinations of job applicants in workplace settings where there are no known health
risks?

.——

Appropriate . . . . . . . . .• 1 Inappropriate . . . . . . . . . ❑
2. Do you think that it is generally appropriate or generally inappropriate for a company to require pre-em-

ployment health examinations of job applicants in workplace settings where there are known health risks?—.———

Appropriate .,...... ❑ Inappropriate . . . . . . . . . .❑

IF ‘lNAPPROPRIATE IN BOTH Q. 1 AND Q. 2, SKIP To Q. 4.

–225–
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3. Would your company consider it acceptable or unacceptable to conduct a pm-employment health examina-
tion in order to:

Identify job applicants who are

Identify job applicants who are

Identify job applicants who are

Identify job applicants who are

ACCEPTABLE Unacceptable

physically unfit for employment. . . . . . . . . . . . . . . . . ❑ ❑
emotionally or psychologically unstable . . . . . . . . .• 1• 1

currently using drugs . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑
at increased risk to workplace hazards . . . . . . . . . . ❑ ❑

Identify job applicants with genetic susceptibility to workplace exposures . . . . . . ❑ ❑
Identify job applicants who represent high insurance risks . . . . . . . . . . . . . . . . . . . . . . ❑• 1

4. Do you think that it is generally appropriate or generally inappropriate for a company to require periodic
medical testing of employees in workplace settings where there are no known health risks?. — — —

Appropriate . . . . . . . . . ❑ Inappropriate . . . . . . . . .• 1

5. Do you think that it is generally appropriate or generally inappropriate for a company to require periodic
medical testing of employees in workplace settings where there areknown health risks?————

Appropriate . . . . . . . . ❑ Inappropriate . . . . . . . . .• 1

IF ”INAPPROPRIATE” IN BOTH Q.4 AND Q.5, SKlP TO Q.7.

6. Do you think that it is generally cost effective or not cost-effective for a company to conduct periodic medical
testing of employees foR:

NOT
COST EFFECTIVE COST EFFECTIVE

High blood pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c1 ❑
Respiratory function . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑ ❑
Malignancies ● ....**.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑
Hearing function . . . . . . . . . ● ....*.... . . . . . . . . . . . . . .• 1• 1

Vision .*..*.., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1❑
Chromosome abnormalities. . . . . . . . . . . . . . . . . . . . . . . .• 1u

Drug abuse ...**... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑
7. Do you think it is currently cost-effective or not cost-effective for a company like yours to:

COST NOT COST NOT
EFFECTIVE EFFECTIVE SURE

conduct biochemical genetic tests as part of pre-employment screening . . . . . . . . . . ❑ DO

Conduct direct-DNA tests as part of pre-employment screening . . . . . . . . . . . . . . . . . . . ❑ on

Conduct genetic monitoring of all workers exposed to workplace hazards . . . . . . . . . ❑ on

Conduct genetic screening of workers to detect
genetic susceptibilities to workplace hazards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ 00
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8. Would your company consider the use of genetic tests for employees or job applicants generally acceptable
or generally unacceptable to:

ACCEPTABLE

Hake a clinical diagnosis of a sick employee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑
Establish  links between genetic pre disposition and workplace hazards . . . . . . . . ❑
Inform employees of their increased susceptibility to workplace hazards . . . . . .• 1

Exclude employees with increased susceptibility from risk situations. . . . . . . . .• 1

Monitor chromosomal changes associated with workplace exposures . . . . . . . . . . . . . .• 1

Establish evidence of pre-employment health status for Inability purposes.... ❑

UNACCEPTABLE

❑

❑
❑

Should be excluded . . . . . . . . ❑ Allowed to take. . . . . . . . . . . ❑

10. As part of your pre-employment hiring practices, do youcurrently require each of the following as a condi-
tion of employment for all applicants, only applicants for certain plants or job classifications, only appli-
cants with certain medical conditions or histories, or for no applicants?

ALL

Routine physical “examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑
Biochemical genetic screening tests ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cytogenetic monitoring tests ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other medical criteria, e.g., lower back X-ray, allergy testing . . . . .• 1

PersonalitY/psychological testing ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Drug testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• J

IF “NONE” TO ALL IN Q. IO, SKIP To Q.12

11. Is it company policy to inform applicants of positive test results?

Yes. . . . . . . . . .•1“() •1. . . . . . . . . .

PLANTS/
JOBs

❑
❑

❑
❑
❑

CONDITIONS/
HISTORIES

❑
HONE

❑

❑

❑

ha. Is it company policy to refer applicants to appropriate health care providers if positive test results
are obtained?

Yes. . . . . . . . . . c1 No. . . . . . . . . .• 1
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12a. Does your company have a policy concerning hiring-

FOR EACH’’YESn IN Q. 12a

12b. Generally speaking, would you say it is against
company policy to hire... 1
0.12a

n n
Cigarette sinkers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . u u

Persons with criminal records . . . . . . . . . . . . . . . . . . . . . . . ❑ 0

Persons with pre-existing medical conditions. . . . . . . . ❑ cl

Persons with increased genetic
susceptibility to substances
or conditions in the workplace . . . . . . . . . . . . . . . . . . . . ❑ 0

Q. i2b
AGAINST POLICY ~ HIRE
~ ~ DEP~

❑  a n
❑  o n
clan

❑  0 0

IF YOUR COMPANY HAS NEVER DONE ANY BIOCHEMICAL GENETIC SCREEN-
ING, CYTOGENETIC MONITORING, DIRECT-DNA SCREENING, OR DIRECT-DNA
MONITORING, SKIP TO QUESTION 19.
1.3. To the best of your knowledge, which of the following were important factors in the decision to conduct

genetic screening or monitoring of employees in your company?
IMPORTANT NOT IMPORTANT

Cost benefit analysis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑ ❑

Evidence of a possible association between chemical exposure
and illness in animal studies • 1• 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Evidence of a possible association between chemical exposure
and illness in epidemiological studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1c1

Legal consequence of failure to test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑

Union/employee initiative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o ❑

Something else (Please Specify)

❑ ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

14. To the best of your knowledge, has your company ever rejected a job applicant, primarily or partly, based
on the results of genetic screening tests?

Yes. . . . . . . . . .• 1“o •~SKIjJ TO Q. 15. . . . . . . . . .

14a. When was the most recent time that occurred?

Within past month. . . . . . . . . . ❑
Within past year. . . . . . . . . . . ❑
1-2 years ago. . . . . . . . . . . . . .• 1

3 or more years ago. . . . . . . . ❑
14b. What was the condition(s)?

14c. Was the applicant informed of the reason for the rejection?

yes. . . . . . . . . . a “. ❑. . . . . . . . . .
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14& Was alternative employment within your company offered?

Yes. . . . . . . . . . ❑ No. . . . . . . . . .❑

15. Have any medical or physical criteria been specified that would disqualify individuals from:

YES

work in the company ❑ ;. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Work in specified plants or locations . . . . . . . . . . . ❑ o

Work in specified jobs ❑ 0. . . . . . . . . . . . . . . . . . . . . . . . . .

16. Does your company maintain statistical data on job applications, outcomes, and reasons for rejection?

Yes. . . . . . . . .• 1 Ho. . . . . . . . . .•~st(lp TO (2. 18

17. Are biochemical or cytogenetic tests used as rejection categories in these data?

Yes. . . . . . . . . .❑ NOEJ. . . . . . . . . .

18. Has your company ever transferred or terminated an employee, primarily or partly, based on the results of
genetic screening or monitoring?

Yes. . . . . . . . . . ❑ INO •~S/(IP TOQ. 19. . . . . . . . . .

18a. When was the mostrecent time that occurred?

Within past month. . . . . . . . . .❑

Within past year. . . . . . . . . . .• 1

1-2 years ago.. . . . . . . . . . . . .• 1

3 or more years ago. . . . . . . . ❑

18b. what was the condition?

l8c. Was the employee informed of the reason for the action?

Yes. . . . . . . . . .❑ l)iocl. . . . . . . . . ●

19. Is it your company’s policy to conduct periodic medical testing of persons in any risk categories?

Yes. . . . . . . . . . ❑ No. . . . . . . . . .•~SK/P TO Q. 20

19a. Is it company policy to inform employees of positive test results?

Yes. . . . . . . . . .• 1 No. . . . . . . . . .❑

19b. Is it company policy to refer employees to appropriate health care providers if positive test results
are obtained?

Yes. . . . . . . . . .• 1 No. . . . . . . . . .n

19c. Is it company policy to release positive test results to anyone outside of the company, other than the
employee?

Yes. . . . . . . . . . ❑ No ❑ —wsKIP TO Q. 20. . . . . . . . . .

19d. Under what circumstances?
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19e. Was alternative employment within your company offered?

Yes. . . . . . . . . .❑ .0. . . . . . . . . .

19f. Does your company have a set of guidelines for this type of situation or is it left to the discretion of the
particular establishment?

Yes. . . . . . . . . .• 1❑ ,0. . . . . . . . . .

20. Does your company maintain statistical data on the masons for job terminations?

Yes. . . . . . . . . .❑ no. . . . . . . . . . •~SKIP  TO 0.21

20a. Are biochemical or cytogenetic tests used as rejection categories in these data?

Yes. . . . . . . . . .a “o ❑. . . . . . . . . .

20b. Are other medical criteria used as rejection categories in these data?

Yes. . . . . . . . . .• 1“. ❑. . . . . . . . . .

21. Within the next five years, do you anticipate that your company will conduct:

Mandatory

Voluntary

Mandatory

Voluntary

Mandatory

Voluntary

Mandatory

Voluntary

YES

biochemical genetic screening. . . . . . . . . . . . ❑

biochemical genetic screening . . . . . . . . . . . . ❑

cytogenetic monitoring . . . . . . . . . . . . . . . . . . .• 1

cytogenetic monitoring.........., . . . . . . . . ❑

DNA-based genetic screening . . . . . . . . . . . . . . ❑

MA-based genetic screening,... . . . . . . . . . .• 1

DNA-based genetic monitoring. . . . . . . . . . . . . ❑

DNA-based genetic monitoring. . . . . . . . . . . . .• 1

NO

❑
❑
❑

❑

22. If you were asked, would you recommend to your company that genetic screening be done as part of pre-
employment screening?

Yes. . . . . . . ❑ ~ Based on what criteria?

No. . . . . . . .• 1

23. If you were asked, would you recommend to your company that periodic genetic monitoring of employees be
done?

Yes. . . . . . .•1 ~ Based on what criteria?

No. . . . . . . .•1
24. Approximately what proportion of your employees are covered by collective bargaining agreements?

Less than 10%. . . . . .• 1

10% to 49%. . . . . . . ● .• 1

50% to 75%. . . . . . . . .• 1

More than 75%. . . . . .• 1

25. Have union contract negotiations ever covered the topic of genetic screening and/or genetic monitoring?

Yes. . . . . . . . . . . ❑ h• 1. . . . . . . . . .
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26. What proportion of your company% employees are covered by health insurance offered by the company?

All . . . . . ❑ Host . . . . .❑ ~.o..oa Fw.,.o.n  Noneo..o.~  S K / P  TO(2. 2 7

26a. Is the company% current health insurance plan(s) purchased from a private carrier, self-insured
or both?

Private carrier . . . . . . ❑  ~lf.fns”~...a.a  B o t h . . . . . . .  n

27. If a job applicant is currently healthy and able to perform the job, but is considered to be a health insur-
ance risk would that consideration reduce the likelihood of his/her being hired by your company - a lot
some or not at all?

A lot. . . . . . . . ❑  SCNIBB.........D  N o t  a t  all...a

28. Does your company assess the health insurance risk of job applicants on a routine basis, sometimes or
never?

Routine. . . . . . ❑  htims...on  N e v e r . . . . . . . .  D~ S K I P  TOQ. D1

28a. Does the health insurance assessment of job applicants also consider the health of dependents?

Yes. ● ● .,. ● ❑ No........n

DEMOGRAPHIC CHARACTERISTICS

D1. What& the major industrial classification of your company (such as chemicals, food, textiles, etc.) ?

D2. Approximately how many persons are employed in the United States by your company?

Less than 1,000 . . . . . . . . ❑

1,000 - 4,999 . . . . . . . . . . ❑

5,900- 9,999 . . . . . . . . . .• 1

10,000 or more. . . . . . . . . .• 1

D3. What is your job title?

D4. What are your main job responsibilities?
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Thank you very much for your cooperation in answering our questions. We would also like to give you an
opportunity to give us any other opinions, concerns or suggestions related to genetic testing in the workplace
that you feel our questions did not address. These comments maybe incorporated in our report to Congress.
We would also appreciate your comments on any survey questions that you found confusing or difficult to
answer, to help us analyze the results. Please write these comments below.

We have attached a peel-off identification number on the questionnaire. This is the only link between the
companies who were sampled and the questionnaires returned. We would prefer that you leave the identifica-
tion number on the questionnaire when you return it. Our staff will remove the label upon receipt, making the
questionnaire completely anonymous. No linkage between companies and questionaires will be retained. The
label from the completed questionnaire will allow us to eliminate your company from those that wc have to
recontact.

However, if you feel that you cannot complete the questionnaire if there is even temporary identification, then
peel off the label before returning the questionnaire. We appreciate your help and wc want you to be comfort-
able doing the survey.

PEEL OFF LABEL WITH SAMPLE
IDENTIFICATION NUMBER HERE

PLEASE RETURN IN THE POSTAGE PAID RETURN ENVELOPE SENT WITH THE QUESTIONNAIRE.
IF THE RETURN ENVELOPE HAS BEEN LOST, THE RETURN ADDRESS IS:

Schulman, Ronca and Bucuvalas, Inc
444 Park Avenue South

New York New York 10016

(212) 481-6200 Attn: Dr. Mark Schulman
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SURVEY OF WORKPLACE HEALTH AND
GENETIC SCREENING AND MONITORING

LABOR UNION VERSION

The Congressional Office of Technology Assessment is conducting a national survey of the opinions and expe-
riences of unions related to the use of genetic screening and monitoring in the workplace. We need your assist-
ance in answering as best you can, some questions about workplace testing and member health in your union.

For the purposes of this survey and the subsequent report, OTA has adopted the following definitions. By
genetic monitoring wc mean periodically examining members to evaluate modifications of their genetic materi-
al via tests such as cytogenetic or direct-DNA tests. By genetic screening, wc mean screening members or
potential members for certain inherited characteristics. Screening tests may be biochemical tests or direct-
DNA tests. They can be used to indicate a predisposition to an occupational illness if exposed to a specific
environmental agent, or they could be used to detect any inherited characteristic such as Huntington’s disease.
In contrast to periodic monitoring screening tests arc generally performed only one time per Characteristic

This is an important study, which has been requested by the Congress of the United States, designed to repre-
sent the opinion and experience of leading unions. We need to know how unions view the new technology of
genetic screening and monitoring in terms of its current and future applications to the workplace. We also
want to know how these technologies arc seen in the broader context of more common forms of employee
health screening and monitoring in the workplace.

Your responses arc very important, regardless of whether your union has had any experience with genetic
screening or monitoring. If your union has never explored the technology, the questionnaire will only take ten
rninutes. If you have some experience with the technology, it may take a little longer to complete the question-
naire. In either case, your experiences and opinions will help to inform congressional opinion about this area.

Please read each question and mark the box(es) that most nearly corresponds to your answer. After each
answer continue with the next question unless there is an instruction to skip to a particular question. Please
feel free to qualify your answers, if you feel it is necessary. Space has been provided at the end for comments
and opinions that you feel are not adequately represented by the survey questions.

You arc free to decline to answer any questions that you consider inappropriate. The questionnaire and any
identifying information will be destroyed after data entry, so that all responses will be anonymous as well as
confidential.

1. Are health examinations required by companies that employ members of your union of all, most, some, few
or no members?

a ❑ ❑ ❑
Al 1 Host Fen

❑
None ~ SKiP to Q.3

–233–
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2. Which of the following are normally part of the examination that is given by companies for your union
members? (MARK AU THAT APPLY)

Personal  medical history . . . . . . . . . . . . . . ❑ Chest X-ray . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

family medical history. . . . . . . . . . . . . . . .• 1 Pulmonary function test. . . . . . . . . . . . . . . ❑

Simple physical examinations . . . . . . . . . .• 1 Eye and hearing exam. . . . . . . . . . . . . . . . . . ❑
Standard blood chemistry tests . . . . . . . .• 1 Urinalysis for drug use. . . . . . . . . . . . . . . ❑

EKG ❑ Lower back X-ray . . . . . . . . . . . . . . . . . . . . . .• 1● . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3. Are any members of your union exposed to chemicals or ionizing radiation in the workplace setting?

❑ ❑
Yes No~ SKIPTOQ.4

3a. Are those members who are exposed to chemicals or ionizing radiation routinely rotated to avoid
prolonged exposure?

• 1• 1
Yes no

3b. Does your union conduct any form of medical surveillance of employees whose job may expose them to
environmental health risks?

❑
Yes No

4. Are any members of your union exposed to any known workplace condition where there is a greater risk of
negative health outcome, depending upon individual susceptibilities?

❑ ❑
Yes No ~ SKIP TO Q.5

4a. Is any form of screening conducted to identify members of your union at increased risk for these jobs?

❑ ❑
Yes, Yes, Yes, No ~ SKIP TO Q.5

by union by company by union
and company
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4b. Which, if any, of the following types of screening are conducted to identify increased individual sus-
ceptibility to workplace risk?

CHECK ALL THAT APPLY
CONDUCTED CONDUCTED
BY UNION BY COMPANY

Medical History.... . . . . . . . .• 1 ❑

Non-genetic screening
(e.g.. lower back
X-ray, allergy testing).... ❑
Genetic screening . . . . . . . . . . ❑
Genetic Monitorlng. . . . . . . . . ❑
None. ● . . . ● . . . . . . . . . . . . . . . . .•1

❑

❑
❑

S. Does your union have a formal policy related to the use of genetic tests in the screening of employees or job
applicants?

❑
Yes No

6. Does your union have a formal policy related to the use of genetic tests in the monitoring of employee
health?

❑
Yes Ho

7. Has your union ever recommended to a company that it change a workplace practice or exposure level due to
the results of:

YES NO

Genetic monitoring in establishment(s) where your members work. . . . . . . . . . . . . .• 1❑
Other non-genetic medical monitoring in

establishment(s) where your members work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑ ❑
Genetic monitoring in establishments
where your union is not represented . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1❑

Other non-genetic medical monitoring In
establishments where your union is not represented . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑

Information published by federal agencies, including NIOSH and OSHA. . . . . . . . . ❑ ❑

8. Have union contract negotiations ever covered the topic of genetic screening and/or genetic monitoring?

❑
Yes No

9. Has your union ever filed an employee grievance related to genetic screening or monitoring?

❑
Yes No ~ SKIP TO Q.1O
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9a. Did that grievance involve employee firing, transfer or something else?

❑ ❑
Firing Transfer Other

10. To the best of your knowledge, has a member of your union applying for a job been rejected, primarily or
partly, based on the results of genetic screening tests?

❑
Yes No ~ SKIP TOQ.11

10a. When was the most recent time that occurred?

Within past month.. . . . . . . . . . . . .• 1

Within past year. . . . . . . . . . . . . . .❑

1-2 years ago. . . . . . . . . ● .*... . . . ❑

3 or more years ago. . . . . . . . . . . . ❑

10b. What was the condition(s)?

10c. Was alternative employment within the company offered?

❑
Yes No

11. To the best of your knowledge, has any member of your union been transferred or terminated by a company
based on the results of genetic screening or monitoring?

❑ El
Yes No~  SKIP TO Q.12

ha. When was the most recent time that occurred?

Within past month. . . . . . . . . . . . . . ❑

Within past year. . . . . . . . . . . . . . . ❑

1-2 years ago. . . . . . . . . . . . . . . . . . ❑

3 or more years ago. . . . . . . . . . . . ❑
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12. Does your union maintain statistical data on the reasons for job terminations?

❑
Yes Ho ~ SKIP TO Q.13

12a. Are biochemical and cytogenetic tests used as rejection categories in these data?

❑
Yes No

12b. Are other medical criteria used as rejection categories in these data?

❑
Yes Ho

13. Would your union consider It acceptable or unacceptable for an employer to conduct a health examination
of job applicants In order to:

ACCEPTABLE UNACCEPTABLE

Identify job applicants who are physically unfit for employment . . . . . . . . . . . . . . . ❑ ❑

Identify job applicants who are emotionally or psychologically unstable . . . . . . .• 1 ❑

Identify job applicants who are currently using drugs . . . . . . . . . . . . . . . . . . . . . . . . .• 1 ❑

Identify job appl

Identify Job appl

Identify job appl

icants who are at increased risk to workplace hazards . . . . . . . . ❑ ❑

icants with genetic susceptibility to workplace exposures....• 1 c 1

icants who represent high insurance risks. . . . . . . . . . . . . . . . . . . .• 1 ❑
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14. How do you feel about the following general statements concerning genetic screening and monitoring in the
workplace? For each statement, please indicate whether you agree strongly, agree somewhat, disagree
somewhat, or disagree strongly.

AGREE AGREE DISAGREE DISAGREE
STRONGLY SOMEWHAT SOMEWHAT STRONGLY

It’s fair for employers to use
genetic screening to identify
individuals whose increased risk
of occupational disease poses a
threat for greater costs to the
employer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑

The employer should have the option
of deciding how to use the information
obtained through genetic screening
and monitoring. . . . . . . . . . . . . . . . . . . . . . . . ❑
The decision to perform genetic
screening of Job applicants and em-
ployees should bethe employer’s. . . . . .• 1

The decision to perform genetic
monitoring of employees should be
the employer’s. . . . . . . . . . . . . . . . . . . . . . . . ❑

Government agencies should provide
guidelines for genetic screening of
job applicants and employees . . . . . . . . . . ❑

Government agencies should provide
guidelines for genetic monitoring of
employees . 0000 . ., . 0 . . . . . . . . . . 00.,00... ❑

Genetic screening in the workplace
represents a potential threat to
the rights of employees. . . . . . . . . . . . . . . ❑

❑

❑

❑

El

❑

❑

❑

El

❑

❑

❑

❑

15. Would your union consider the use of genetic screening or monitoring of employees or job applicants by—
employers as generally acceptable or generally unacceptable to:

GENERALLY
ACCEPTABLE

Hake a clinical diagnosis of a sick  member ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Establish links between genetic predisposition and workplace hazards.. . . . . . . . . . KI

Inform members of their increased susceptibility to workplace hazards . . . . . . . . . . ❑
Exclude members with increased susceptibility from  risk situations . . . . . . . . . . . . .KI

Monitor chromosomal changes associated with workplace exposures . . . . . . . . . . . . . . . . ❑

Establish evidence of pre-employment health status for liability purposes . . . . . . ❑

GENERALLY
UNACCEPTABLE

❑

❑

❑
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16. If an employer becomes aware that an employee has a genetic susceptibility to serious illness if he or she is
exposed to substances In the workplace, do you think the employer should exclude that employee from
those jobs for which he/she is at increased risk, or do you think the employer should allow the employee to
take those jobs, if he/she waives corporate liability?

Should be excluded . . . . . . . . . . . . . . . ❑  Allowed to take ................0

17. Is your union currently conducting biochemical genetic screening of any members or potential members,
for research or any other reason?

❑ • 1
Yes No Not Sure

18. Has your union conducted any biochemical genetic screening of any members or potential members, for
research or any other reason In the past 19 years?

❑ ❑
Yes No Not sure

19. IS your union currently conducting cytogenetic  monitoring of any members or potential members, for
research or any other reason?

❑
• 1

❑
Yes No Not Sure

20. Has your union conducted any cytogenetic monitoring of any members or potential members, for research
or any other reason in the past 19 years?

Kl
Yes Ho Not Sure

21. Is your union currently conducting direct-DNA screening of any members or potential members, for re-
search or any other reason?

❑ ❑
Yes No Not Sure

22. Is your union currently conducting direct-DNA monitoring of any members or potential members, for
research or any other reason?

❑ ❑
Yes No Not Sure
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23. Has your union conducted any of the following tests, either currently or in the past, as part of a voluntary
wellness program, at the request of a member, or for diagnosis? (MARK ALL THAT APPLY)

BIOCHEMICAL.
GENETIC

SCREENING

a. As part of a voluntary
wellness program Current ly.. . . . . . . . . . . . . . . ❑

In past 19 years . . . . . . . . ❑

No. . . . . . . . . . . . . . . . . . . . . . .• 1

Not sure. . . . . . . . . . . . . . . . . ❑
b. At the request of the

member: Currently.. . . . . . . . . . . . . . .• 1

In past 19 years . . . . . . . . .• 1

No .. ..0.00. . . . . . . . . . . . . . .• 1

Not sure. ● ● ● .0 . . . ● . ● . ● . . .• 1

c. For diagnosis:

CYTOGENETIC
MONITORING

❑
El
❑
❑

❑

E!
❑

Currently . . . . . . . . . . . . . . . . ❑ ❑

In past 19 years . . . . . . . . .• 1❑

No.. . . . . . . . . . . . . . . . . . . . . . ❑ ❑
Not sure. . . . . . . . . . . . . . . . .•1 ❑

DIRECT-DNA
SCREENING

❑

❑
❑

❑
❑

DIRECT-DNA
MONITORING

❑

❑
❑

❑
❑
❑
❑

IF YOUR UNION HAS NEVER DONE BIOCHEMICAL GENETIC SCREENING, CYTOGENETIC MONi-
TORING, DIRECT-DNA SCREENING, OR DIRECT-DNA MONITORING, SKIP TO QUESTION 32 0N
PAGE 12

IF YOUR UNION HAS DONE CYTOGENETIC MONITORING, DIRECT-DNA SCREENING, OR DIRECT-
DNA MONITORING OF MEMBERS, FOR ANY PURPOSE, BUT NOT BIOCHEMICAL GENETIC
SCREENING, SKIP TO QUESTiON 25 0N PAGE 10

IF YOUR UNION HAS EVER DONE BIOCHEMICAL GENETIC SCREENING OF ANY MEMBER, FOR
ANY PURPOSE, PLEASE CONTINUE WlTH QUESTiON 24



Appendix G--Survey Instrument: Union Presidents ● 241

24. Which of the following types of biochemical screening tests are being conducted by your union of any
members or potential members? (MARK AU THAT APPLY)

NOT
DONE

Sickle cell trait . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

Glucose-6-phosphate dehydrogenase
deficiency (G-6-PO) . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑

Nethemaglobln  reductase  deficiency . . . . . . . . . . . . ❑

serum alpha-1 -antftrypsln  def Iciency. . . . . . . . . . ❑

Alpha and beta thalassemlas. . . . . . . . . . . . . . . . . . .• 1

Aryl hydrocarbon hydroxylase
imducfbility  (AHH) ● . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Slw vs. fast acetylatfon.......  o... . . . . . . . . . . ❑

Allergic respiratory disease . . . . . . . . . . . . . . . . . ❑
Contact dennatltls . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑
Hfstocoupatlbillty mmkers (HIA). . . . . . . . . . . . . .• 1

Other hmune  systeamrkers.  . . . . . . . . . . . . . . . . . . ❑

Bloom syrxh-om . . . . . . . . . . . . . . . . . . . . . ● . . . . . . . . . . ❑
Fanconi  syndrorm . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

Ataxia-telangiectasia . . . . . . . . . . . . . . . . . . . . . . . .❑

Xerodenm  pigmmtosum  . . . . . . . . . . . . . . . . . . . . . . . .❑

Other heterozygous  chromosomsl
Instabil{tles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1

ROUTINE VOLUNTARY
HEALTH RESEARCH

SURVEILLANCE PROGRAM

❑ ❑

❑

❑ 0
❑ u
El

❑

❑
❑
❑

❑

❑

❑

❑

❑

FOLLOW-UP
DIAGNOSIS

❑

❑

❑

❑
❑

❑
❑
❑
❑

❑

VOLUNTARY
WELLNESS
PROGRAM

❑

❑

❑

❑

❑

❑
❑

AT
MEMBER
REQUEST

❑
❑
❑

❑
❑
❑
❑
❑
❑
❑
❑

❑
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25. Which of the following types of cytogenetic monitoring are being conducted by your union of any members?
(MARK ALL THAT APPLY)

ROUTINE VOLUNTARY VOLUNTARY AT
NOT HEALTH RESEARCH FOLLOW-UP WELLNESS

DONE
MEMBER

SURVEILLANCE PROGRAM DIAGNOSIS PROGRAM REQUEST

Chromosome aberrations . . . . . . . . . . . . . . . . . . . .• 1

Sister chromatid exchanges . . . . . . . . . . . . . . . . .• 1

Mutations by assaying the DNA. . . . . . . . . . . . . .• 1

Mutatlons by assaying the enzyme/protein... ❑
HPRT mutation rate. . . . . . . . . . . . . . . . . . . . . . . . . ❑
DNA adduct formation. . . . . . . . . . . . . . . . . . . . . . .• 1

❑ ❑
❑
❑ ❑

❑
❑ ❑

❑ n
❑ n

❑ n
❑ n

❑
❑

❑
❑
❑

Other (SPECIFY)

. . . . . . . . . . ● ✎ ✎ ✎
❑ ❑• 1 ❑ o ❑

26. To the best of your knowledge, which of the following were important factors in the decision to conduct
genetic screening of your members?

IMPORTANT NOT IMPORTANT

Cost benefit analysis . . . . . . . . . ● .......0. ● ...*..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑
Evidence of a possible association between chemical
exposure and illness In animal studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑ ❑

Evidence of a possible assocciation between chemical
exposure and Illness in epidemiological studies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑ ❑

Legal consequence of failure to test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .❑ ❑
Union/employee initiative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1 ❑
Something else. (PLEASE SPECIFY) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• 1❑

27. Are all members routinely informed of abnormal (positive) findings, normal (negative) findings, both or
neither from genetic screening and monitoring tests?

Abnormal (positive). . . . . . . . . . . . ❑
Normal (negative). . . . . . . . . . . . . . ❑
Both . . . . . . . . . . . . . . . . . . . . . . . . . . . ❑
Neither . . . . . . . . . . . . . . . . . . . . . . . . ❑
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28. Is counseling offered to all members with abnormal (positive) genetic test results by the union or are they
referred to their own physicians?

Union counseling. . . . . . . . . . . . . . . . ❑

Referred to own physicians... . . .• 1

29. Does your union employ or contract with a genetic counselor?

❑ ❑ ❑
Employ Contract with Neither

30. Has a member ever been referred for genetic counseling by your union’s medical staff as a result of any
medical or genetic testing?

❑
Yes No

31. As a result of a genetic screening or monitoring program has your union ever—?

YES

Suggested a  member seek a job in another company.... . . . . . . ❑

Suggested a member seek a transfer to a
different job in the same company . . . . . . . . . . . . . . . . . . . . . . . . . ❑

Recommended company implement engineering control . . . . . . . . . ❑

Recommended company provide personal protection devices . . . K1

Recommended company implement a research program . . . . . . . . . ❑

Recommended company discontinue a product or change
materials in a product ❑. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Some other action (PLEASE SPECIFY) . . . . . . . . . . . . . . . . . . . . . . . . ❑

NO

❑
❑

❑
K3
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32. Is your union currently considering conducting direct-DNA screening of members or potential  members for any
reason?

❑

33. Is your union currently
for any reason?

Yes No Not Sure

considering conducting direct-DNA monitoring of members or potential members

❑ ❑
Yes No Not Sure

34. Does your union anticipate conducting any biochemical genetic screening, for any reason, in the next five
years?

• 1• 1• 1
Yes No Not Sure

35. Does your union anticipate conducting any cytogenetic monitoring, for any reason, in the next five years?

❑ ❑ ❑
Yes No Not sure

36. Does your union anticipate conducting any direct-DNA screening,  for any reason, in the next five years?

❑ ❑• 1
Yes No Not Sure
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37. Does your union anticipate conducting any direct-DNA monitoring for any reason, in the next the years?

❑ ❑
Yes no Not sure

38. Which office/division within the union is/will be responsible for administering genetic tests?

39. Has genetic screening or monitoring ever been done of your union members based on:

CHECK ALL THAT APPLY
CONDUCTED CONDUCTED
BY UNION BY COMPANY

Family History. . . . . . . . . . . . . ❑

Gender . . . . . . . . . . . . . . . . . . . . .❑

Ethnic/racial background... c1

Co-factors (e.g. smoking)..• 1

Job exposures... . . . . . . . . . . . ❑

NO TEST CONDUCTED.... . . . . . .• 1

DEMOGRAPHICS

D1. What are the major industrial classifications (such as chemicals, food, textiles, etc.) of those companies in
companies in which your members work?

D2. Approximately how many members does your union have?

D3. What is your job title?

D4. What are your main job responsibilities?
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Thank you very much for your cooperation in answering our questions. We would also like to give you an
opportunity to give us any other opinions, concerns or suggestions related to genetic testing in the workplace
that you feel our questions did not address. These comments may be incorporated in our report to Congress.
We would also appreciate your comments on any survey questions that you found confusing or difficult to
answer, to help us analyze the results. Please write these comments below.

We have attached a peel-off identification number on the questionnaire. This is the only link between the
unions who were sampled and the questionnaires returned. We would prefer that you leave the identification
number on the questionnaire when you return it. Our staff will remove the label upon receipt, making the
questionnaire completely anonymous. No linkage between unions and questionnaires will be retained. The
label from the completed questionnaire will allow us to eliminate your union from those that wc have to recon-
tact.

However, if you feel that you cannot complete the questionnaire if there is even temporary identification, then
peel off the label before returning the questionnaire. We appreciate your help and we want you to be comfort-
able with doing the survey.

PEEL OFF LABEL WITH SAMPLE
IDENTIFICATION NUMBER HERE

PLEASE RETURN IN THE POSTAGE PAID RETURN ENVELOPE SENT WITH THE QUESTIONNAIRE.
IF THE RETURN ENVELOPE HAS BEEN LOST, THE RETURN ADDRESS IS:

Schulman, Ronca and Bucuvalas, Inc.
444 Park Avenue South
New York New York 10016

(212) 481-6200 Attn: Dr. Mark Schulman
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Appendix I

List of Contractor Documents

For this report, OTA commissioned papers on various topics concerning genetic monitoring and
screening in the workplace. The manuscripts are available from the National Technical Information

‘ Service, 5285 Port Royal Road, Springfield, VA 22161, telephone (703) 487-4650.

“Confidentiality of Genetic Information in the Workplace,” Lori B. Andrews, American Bar
Foundation, Chicago, IL.

“The Ethics of Genetic Testing in the Workplace,” Baruch A. Brody, Baylor College of Medicine,
Houston, TX.

“Genetic Predisposition to Occupationally Related Diseases: Current Status and Future Direc-
tions,” Edward J. Calabrese, University of Massachusetts, Amherst, MA.

“Genetic Testing in the Workplace: The NLRA, NLRB, and Collective Bargaining,” Hastings S.
Trigg, Jr., E.I. du Pent de Nemours & Co., Wilmington, DE.

“Human Rights and Genetic Testing in the Workplace,” Alan Gewirth, University of Chicago,
Chicago, IL.

“Selected Legal Issues Surrounding Genetic Testing in the Workplace,” Robert I. Field, Dilworth,
Paxson, Kalish & Kauffman, Philadelphia, PA.
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Acronyms and Glossary of Terms

A
ADA

AIDS
ALA

AOMA

APKD
AS
ASO
AT
ATSDR

BC/BS
BLS
c
CA
CAD
CDC
CEHIC

CEO
CHD
CML
COPD
DHHS

DNA
DOD
DOE
DOL
EPA
FA
FPP
G
G-6-PD
GM
GSH
HCS

HDL
HERL

HIV
HLA
HPRT

IDDM

Acronyms

— adenine
— Americans with Disabilities Act
— aryl hydrocarbon hydroxylase
— acquired immunodeficiency syndrome
— aminolevulinic acid
— American Medical Association
— absolute nuclear flourescence intensity
— American Occupational Medical

Association
— adult polycystic kidney disease
— ankylosing spondylitis
— allele-specific oglionucleotide
— ataxia telangiectasia
— Agency for Toxic Substances and Disease

Registry (PHS, DHHS)
— Blue Cross/Blue Shield
— Bureau of Labor Statistics (DOL)
— cytosine
— chromosomal aberration
— coronary artery disease
— Centers for Disease Control (PHS, DHHS)
— Center for Environmental Health and In-

jury Control (CDC, DHHS)
— Chief Executive Officer
— coronary heart disease
— chronic  myelogenous leukemia
— chronic obstructive pulmonary disease
— U.S. Department of Health and Human

Services
— deoxyribonucleic acid
— U.S. Department of Defense
— U.S. Department of Energy
—U.S. Department of Labor
— U.S. Environmental Protection Agency
— Fanconi’s anemia/syndrome
— fetal protection policy
— guanine
— glucose-6-phosphate dehydrogenase
— General Motors
— reduced glutathione
— hereditary cancer syndrome
— Huntington’s disease
— high-density lipoprotein
—Health Effects Research Laboratory (EPA)
— Howard Hughes Medical Institute
— human immunodeficiency virus
— human leukocyte antigen
— hypoxanthine-guanine phosphori-

bosyltransferase
— insulin-dependent diabetes mellitus

IgA
IOH
LDL

NADH

NAS
NCI
NCTR

NIEHS

NIOSH

NLRA
NLRB
NOES

NRC
NSF
NTP

OCT
OSH Act
OSHA

OSHRC

OTA
PCBs
PCR
PHS
PKU

Px
Rb
RFLP
RNA
SARA

SAT
SCE
SIC
SOD
SRBI
T
TSCA
TSD
VA
XP

— immunoglobulin A
— Institute of Occupational Health (Finland)
— low-density lipoprotein
— medical removal protection
— nicotinamide adenine dinucleotide,

reduced form
— National Academy of Sciences
—National Cancer Institute (NIH, DHHS)
— National Center for Toxicological Re-

search (FDA, DHHS)
— National Institute of Environmental

Health Sciences (NIH, DHHS)
—National Institutes of Health (DHHS)
— National Institute for Occupational Safety

and Health (CDC, DHHS)
— National Labor Relations Act
— National Labor Relations Board
— National Occupational Exposure Survey

(NIOSH)
—National Research Council (NAS)
— National Science Foundation
— National Toxicology Program (PHS,

DHHS)
— ornithine carbamoyl transferase
— Occupational Safety and Health Act
— Occupational Safety and Health Adminis-

tration (DOL)
— Occupational Safety and Health Review

Commission (DOL)
— Office of Technology Assessment
— polychlorinated biphenyls
— polymerase chain reaction
—U.S. Public Health Service (DHHS)
— phenylketonuria
— phenylthiourea
— peroxidase
— retinoblastoma
— restriction fragment length polymorphism
— ribonucleic acid
— Superfund Amendments and Reauthori-

zation Act of 1986
— serum alpha-l-antitrypsin
— sister chromatid exchange
— standard industrial code
— superoxide dismutase
— Schulman, Ronca, & Bucuvalas, Inc.
— thymine
—Toxic Substances Control Act
— Tay-Sachs disease
— U.S. Department of Veterans Affairs
— xeroderma pigmentosum
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Glossary of Terms

Acetylation: The introduction of one or more acetyl
groups into an organic compound.

Acquired immunodeficiency syndrome (AIDS): The
most severe clinical manifestation of immune dysfunc-
tion caused by the human immunodeficiency virus
(HIV).

Allele: Alternative form of a genetic locus (e.g., at a locus
for eye color there might be alleles resulting in blue or
brown eyes); alleles are inherited separately from each
parent.

Amino acid: Any of a group of 20 molecules that
combine to form proteins in living things. The se-
quence of amino acids in a protein is determined by the
genetic code.

Autosome: Chromosome not involved in sex determina-
tion. In a complete set of human chromosomes, there
are 44 autosomes (22 pairs).

Base pair: Two complementary nucleotides (adenosine
and thymidine or guanosine and cytidine) held together
by weak bonds. Two strands of DNA are held together
in the shape of a double helix by the bonds between
base pairs.

Biochemical genetics: The analysis of mutant genes on
the basis of altered proteins or metabolizes.

Carcinogen/carcinogenesis: A chemical or physical
agent that causes cancer.

Carrier: An individual apparently normal, but possessing
a single copy of a recessive gene obscured by a
dominant allele; a heterozygote.

Cell: The smallest component of life capable of independ-
ent reproduction.

Cell culture: Growth in the laboratory of cells isolated
from multicellular organisms. Each culture is usually
of one cell type (e.g., lymphocytes, fibroblasts, etc.).

Chromosomal aberrations: An abnormal chromosomal
complement resulting from the loss, duplication, or
rearrangement of genetic material.

Chromosome: A threadlike structure that carries genetic
information arranged in a linear sequence. In humans,
it consists of a complex of nucleic acids and proteins.

Clastogens: Chromosome-damaging agent.
cloning: The process of asexually producing a group of

cells (clones), all genetically identical to the original
ancestor. In recombinant DNA technology, the process
of using a variety of DNA manipulation procedures to
produce multiple copies of a single gene or segment of
DNA.

Cytogenetics: The study of the relationship of the
microscopic appearance of the chromosomes and their
behavior to the genotype and phenotype of the
individual.

Deoxyribonucleic acid (DNA): The molecule that en-
codes genetic information. DNA is a double-stranded

helix held together by weak bonds between base pairs
of nucleotides.

DNA: See deoxyribonucleic acid.
DNA adducts: The binding of exogenous and xenobiotic

materials to DNA to form additional products. They
can be viewed as markers of exposure to specific
toxicants.

DNA probes: Segments of single-strand DNA that are
labeled with a radioactive or other chemical marker and
used to identify complementary sequences of DNA by
hybridizing with them.

DNA sequence: Order of nucleotide bases in DNA.
Dominant: An allele that exerts it phenotypic effect when

present either in homozygous or heterozygous form.
Dosimeter: Device or methodology for measuring the

dose of a chemical or ionizing radiation to a biological
system.

Double helix: The shape in which two linear strands of
DNA are bonded together.

Electrophoresis: Technique used to separate molecules
such as DNA fragments or proteins. An electric current
is passed through a medium containing the mixture,
and each kind of molecule travels through the medium
at a different rate, depending on its electrical charge
and size. Separation is based on these differences.

Enzyme: A protein that acts as a catalyst, speeding the
rate at which a biochemical reaction proceeds, without
being permanently altered or consumed by the reaction
so that it can be used repeatedly.

Epidemiologic studies: Studies concerned with the
relationships of various factors determiningg the fre-
quency and distribution of diseases in a human
population.

Gamete: Mature male or female reproductive cell with a
haploid set of chromosomes (23); that is, a sperm or
ovum.

Gel: The semi-solid matrix used in electrophoresis to
separate molecules.

Gene: The fundamental unit of heredity; an ordered
sequence of nucleotide base pairs to which a specific
product or function can be assigned.

Genetic monitoring: Involves periodically examining
employees to evaluate modifications of their genetic
material+. g., chromosomal damage or evidence of
increased occurrence of molecular mutations-that
may have evolved in the course of employment. It
ascertains whether the genetic material of the group of
individuals has altered over time.

Genetic screening: A process to examine the genetic
makeup of individuals for certain inherited characteris-
tics. It can be used to detect occupationally and
nonoccupationally  related traits.

Genetic testing: Technologies that determine a person’s
genetic makeup or that identify changes (damage) in
the genetic material of certain cells. As used in the
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workplace, it encompasses both genetic monitoring
and screening.

Genetics: The study of the patterns of inheritance of
specific traits.

Genome: All the genetic material in the chromosomes of
a particular organism; its size is generally given as its
total number of base pairs.

Genotype: The genetic constitution of an organism, as
distinguished from physical appearance, or phenotype.

Germ cell: The male and female reproductive cells; egg
and sperm.

Hemoglobin: The oxygen-carrying molecule found in red
blood cells.

Hemoglobinopathies: A collection of hereditary disor-
ders of hemoglobin structure and/or function. Exam-
ples are sickle cell anemia and thalassemia.

Hemolysis: Condition involving the destruction of red
blood cells.

Heterozygous: Having two different alleles at a particular
locus.

HLA: see human leukocyte antigen.
Homozygous: Having the same allele at a particular

locus.
Human Genome Project: Research and technology

development efforts aimed at mapping and sequencing
some or all of the genome of human beings and other
organisms.

Human immunodeficiency virus (HIV): The retrovirus
that is the etiologic agent of AIDS.

Human leukocyte antigen (HLA): Located on the
surface of most cells, except blood cells, these protein-
sugar structures differ among individuals and are
important for acceptance or rejection of tissue or organ
grafts and transplants.

Hybridization: The process of joining two complemen-
tary strands of DNA, or of DNA and RNA, together to
form a double-stranded molecule.

In vitro: Literally, “in glass,” pertaining to a biological
process or reaction taking place in an artificial environ-
ment, usually a laboratory.

In vivo: Literally, “in the living,” pertaining to a
biological process or reaction taking place in a living
cell or organism.

Linkage: The proximity of two or more markers (e.g.,
genes, RFLP markers) on a chromosome; the closer
together the markers are, the lower the probability that
they will be separated during meiosis and hence the
greater the probability that they will be inherited
together.

Locus: A specific, physical position on a chromosome.
Lymphocyte: One of the major groups of white blood

cells.
Marker: An identifiable physical location on a chromo-

some (e.g., restriction enzyme cutting site, gene, RFLP
marker) whose inheritance can be monitored. Markers
can be expressed regions of DNA (genes) or some

segment of DNA with no coding function but whose
pattern of inheritance can be determined.

Metaphase: see mitosis.
Micronuclei: Result from the exclusion of fragments or

whole chromosomes from nuclei formed at mitosis.
Their presence can be taken as an indication of the
previous existence of chromosomal aberrations.

Mitosis: The process of division involving DNA replica-
tion that results in two daughter cells with the same
number of chromosomes and cytoplasmic material as
the parent cell.

Mutagen/mutagenicity: A substance capable of induc-
ing a heritable change in the genetic material of cells.

Mutation: Changes in the composition of DNA.
Neoplasm: A localized population of proliferating cells in

an animal which are not governed by the usual
limitations of normal growth. The neoplasm is said to
be benign if it does not undergo metastasis and
malignant if it undergoes metastasis.

Nucleotide: The unit of DNA consisting of one of four
bases—adenine, guanine, cytosine, or thymine—
attached to a phosphate-sugar group. The sugar group
is deoxyribose in DNA. (In RNA, the sugar group is
ribose and the base uracil substitutes for thymine.)

Oncogene: A gene, one or more forms of which is
associated with cancer. Many oncogenes are involved,
directly or indirectly, in controlling the rate of cell
growth.

Phenotype: The appearance of an individual or the
observable properties of an organism that result from
the interaction of genes and the environment.

Polymerase chain reaction (PCR): An in vitro process,
through which repeated cycling of the reaction repro-
duces a specific region of DNA, yielding millions of
copies from the original.

Polymorphism: The existence of more than one form of
a genetic trait.

Protein: A biological molecule whose structure is deter-
mined by the sequence of nucleotides in DNA. Proteins
are required for the structure, function, and regulation
of cells, tissues, and organs in the body.

Recessive: An allele that exerts its phenotype effect only
when present in homozygous form, otherwise being
masked by the dominant allele.

Recombinant DNA technology: Processes used to form
a DNA molecule through the union of different DNA
molecules, but now commonly used to refer to any
techniques that directly examine DNA.

Reliability: The ability of a test to accurately detect that
which it was designed to detect and to do so in a
consistent fashion.

Replication: The synthesis of new DNA from existing
DNA. PCR is an in vitro technology based on the
principles of replication.

Restriction endonuclease: An enzyme that has the
ability to recognize a specific DNA sequence and cut
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it at that sequence.
Restriction enzyme: See restriction endonuclease.
Restriction fragment length polymorphism (RFLP):

Variations in the size of DNA fragments produced by
a restriction endonuclease at a polymorphic locus.

RFLP analysis: DNA techniques using single-locus or
multilocus probes to detect variation in the DNA
sequence by revealing size differences in DNA frag-
ments produced by the action of a restriction enzyme.
See restriction fragment length polymorphism.

Sensitivity: The ability of a test to identify correctly those
who have a disease.

Single gene disorders: Hereditary disorders caused by a
single gene (e.g., Duchenne muscular dystrophy,
retinoblastoma, sickle cell disease).

Sister chromatid exchange: Crossing over between the
sister chromatics (two daughter strands of a duplicated

chromosome) during cell division (mitosis).
Somatic cells: Any cells in the body except reproductive

cells and their precursors.
Southern blot: The nylon membrane to which DNA has

adhered after the process of Southern blotting.
Specificity: The ability of a test to identify correctly those

who do not have the trait or disease which is being
tested.

Teratogen/teratogenesis: A physical or chemical agent
(e.g., radiation, alcohol) that can cause congenital
abnormalities as a result of exposure in utero.

Trait: A distinguishing feature; a characteristic or prop-
erty of an individual.

Validity: The extent to which a test will correctly classify
true susceptible and true nonsusceptible individuals;
sensitivity and specificity are components of validity.
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Acetylation phenotype, role in occupational health, 85
Acquired immunodeficiency syndrome (AIDS)

interest in testing workers for, 32, 151-152
testing for, 8, 31, 161

Addictive disorders, predisposition to, 92
Adult polycystic kidney disease, 80
Agency for Toxic Substances and Disease Registry

(ATSDR), 109,110,209-210
Air Force Academy (U.S.), sickle cell and pilot training

policy of, 42-43
Alcoholism, predisposition to, 92
Allele-specific oligonucleotide (ASO) probes, 78,81
Allied Chemical & Alkali Workers of American Local No.

1 v. Pittsburgh Plate Glass Co., 123
Alpha-l-antitrypsin

hypersusceptibility due to deficiency in, 41,80
role in occupational health, 86

American Board of Medical Genetics, 166
American College of Occupational Medicine, 120, 122,

147
American Conference of Governmental Industrial Hy-

gienists, 56
American Hospital Association, 146
American Medical Association (AMA), Hippocratic oath

and, 116, 117, 120, 146
Americans with Disabilities Act of 1990 (ADA), 16,

114-116, 130, 139, 147, 151
Ames test, 10,60-61
Aryl hydrocarbon hydroxylase, cytochrome P-450 and

role in occupational health, 86
Ataxia telangiectasia (AT), role in occupational health,

86-87
Atherosclerosis, predisposition to, 93-94

Benzene, elevated CAs in workers exposed to, 65
Biochemical genetic tests

diagnosis with, 10,77
see also Genetic screening

Biological monitoring, 5,57,60-61
Blue Cross/Blue Shield, reimbursement for genetic serv-

ices, 166
Bureau of Labor Statistics (BLS), 45

Cancer
bladder, 91-92
chronic myelogenous leukemia (CML), 90
colon, 90-91
detection programs in the workplace, 7,34
DNA adducts and, 67
low-level radiation and, 57-58
lung, 92
oncogenes and, 88, 90-92
retinoblastoma, 90
role of genetics in, 11, 14, 55, 59, 92

tumor suppressor genes and, 90
see also Mutagenicity; Mutation; Oncogenes

Center for Environmental Health & Injury Control—
CDC, 209-210

Centers for Disease Control (CDC), 47,210
Cetus Corp. (California), 81
Chemicals

chromosomal abnormalities and, 9,63
cytogenetic surveillance to detect damage by, 9,56
effects on sperm of, 62
health effects compared to radiation, 9,56-57
sister chromatid exchange analysis to detect damage

by, 63
types of DNA lesions produced by, 58

Chernobyl (U.S.S.R), 57,209
Cholesterol. See atherosclerosis
Chromosomal aberrations (CAs)

as a cause of genetic disease, 195-196
chemically induced, 56
elevation in certain worker populations, 65
genetic monitoring to detect, 58,63
radiation induced, 56, 195-196
tests on sperm, 62
use by regulatory agencies to set exposure standards, 66

Coke oven workers, increase SCE and elevated CAs in, 65
Collective bargaining

arbitral review, 126
duty to bargain over genetic monitoring and screening,

16, 123-125
NRLA preemption of common law torts, 126
refusals, 125-126
see also National Labor Relations Act; National Labor

Relations Board
Company-sponsored health promotion programs. See

“Wellness” programs
Comprehensive Environmental Response, Compensa-

tion, and Liability Act, 109
Confidentiality

American College of Occupational Medicine role in,
120, 122

occupational health physicians role in, 120, 122
of OTA survey, 198
right to, 116-120
State provisions for genetic health care information,

119
Congress, U.S.

historical interest in genetic monitoring and screening
of, 6, 8, 36-37,45

policy issues and options for, 24-29
see  also House Committee on Energy and Commerce;

House Committee on Science and Technology;
House Committee on Science, Space, and Technol-
ogy; Office of Technology Assessment; Senate
Committee on Commerce, Science, and Transpor-
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tation
Constitution (U.S.). See Confidentiality; Legal considera-

tions; Privacy
Coronary artery disease (CAD), screening for, 162
Costs. See Economics
Crick, Francis H. C., 6,41
Cytochrome P-450, aryl hydrocarbon hydroxylase and

role in occupational health, 86
Cytogenetic tests

application of, to occupational exposures, 9,65-66
appropriateness for use in occupational testing of, 9,

65-66
confounders and limitations on analysis using, 9,64
industry involvement in, 6, 44-45

Department of Energy (U.S.), 36,209
Department of Health and Human Services (U.S.),

209-211
Department of Health, Education, and Welfare (U.S.), 43
Department of Labor (U.S.), 45, 197
Department of Veterans Affairs (U.S.), 211
Diabetes, predisposition to, 94
Directory of National Unions and Employees Associa-

tion, 197
Discrimination

American With Disabilities Act of 1990, 16, 114-116
associated with sickle cell screening programs, 6, 42
Rehabilitation Act of 1973, 15, 113-114
Title VII of the Civil Rights Act of 1964, 15-16, 103,

110-111, 126-128, 147
DNA

composition and structure of, 3, 191
probes, 81
variation in sequence of, 78
see also DNA tests; Genetic tests

DNA adducts
genetic monitoring to detect, 58,67-68
relationship with cancer, 67

DNA quantification, carcinogen exposure and, 68
DNA repair, determination of, and genetic damage, 68
DNA tests

automation of, 11, 82-83
companies offering diagnostic, 94
diagnosis with, 10,80
limits of, 83
mutation analysis with, 81
polymerase chain reaction and, 81-82

Dow Chemical, 44,45
Drug testing, interest in use in workplace, 32
Dun & Bradstreet, 197
DuPont Corp., 44,45

Ecogenetics, 83
Economics

as justification for genetic monitoring and screening, 6,
46

of genetic services, 166
of health care costs to business, 5-6, 33
of occupational illness, 6,45-46

Education, employee health risk, 7,34
Employment-at-will, doctrine of, 14, 126, 127
Environmental agents, genetic factors affecting suscepti-

bility to, 10-12,83-87
Environmental Protection Agency (EPA), 46, 50, 65,

109-110,211
Ethical considerations

criteria for workplace genetic monitoring and screening
programs, 19, 147

difference between monitoring and screening, 17,
140-141

fair treatment, 17, 147
fetal protection policies, 148
moral considerations for workers and employers,

141-145
privacy, 16-17, 146-147
protection of worker health, 151-153
social value of work, 142
using workplace screening as power, 149

Ethylene oxide
monitoring for effects on chromosomes of, 44, 66

Expenses. See Economics
Exxon Chemical Americas, 7,34

Federal Employees Compensation Act, 111
Federal Government (U. S.)

agencies involved in occupational safety and health,
46-50

workplace safety oversight by, 103-116
see also, individual agencies and departments

Fetal protection policies, 128, 148
Finland, occupational safety and health in, 48
Florida, law prohibiting genetic discrimination, 17, 42,

130
Food and Drug Administration (U.S.), 95,210
Fortune Magazine, OTA survey population drawn from,

197
Fourth Amendment rights, 130
Funding, human genome project research, 8,36-37

General Motors, 148
Genetic counseling

availability and access to services, 20, 165-166
conveying genetic risk, 19, 159
conveying uncertainty in prognosis through, 19-20,

161-162
ethical issues, 18, 140
for families, 19, 160-164
individual uses of genetic information from 19-20,

157-168
informed consent in, 150-160
intervention, 19, 161
need for sufficient and appropriate, 158-160
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OTA survey of companies using, 166-167
survey of attitudes toward workplace screening, 18,

144
Genetic disease

incidence, 55
role of environmental agents in, 11, 84

Genetic monitoring
battery approach, 70-71
congressional interest, 6, 36
considerations for use in workplace, 4, 32-33, 36
criticisms of, 5-6, 33, 36
definition and use in OTA report, 3,4,31,55
detecting mutations with, 9-10,55-56
distinction from genetic screening, 5-6,32
ethical considerations of, 17-19, 139-153
genetic counseling issues of, 19-20, 157-167
historical perspective, 6,41-45
in Finland, 48
legal considerations of, 12-17, 103-134
methodologic considerations, 10,69-70
occupational disease and, 3-4,65
procedural safeguards for and difficulties with, 10,70
state-of-the-art, 8-10, 55-71

Genetic screening
congressional interest, 6, 36
considerations for use in workplace, 5, 32-33, 36
criticisms of, 5-6, 33, 36
definition and use in OTA report, 3,5,31-32,55
detecting nonoccupationally related disease by, 5,

31-32,87-88,90-94
detecting occupationally related disease by, 3, 31-32,

83-87
distinction from genetic monitoring, 5-6,32
ethical considerations of, 17-19, 139-153
genetic counseling issues of, 19-20, 157-167
historical perspective, 6,41-45
in Finland, 48
legal considerations of, 12-17, 103-134
methodologic considerations, 10,69-70
procedural safeguards for and difficulties with, 10,70
state-of-the-art, 10-12,77-95

Genetic services
availability of and access to, 20, 165-167
barriers to provision of, 20, 165
costs of, 166
see also Genetic counseling

Genetic testing
definition and use in OTA report, 3,31-32
methodologic considerations, 10,69-70
procedural safeguards for and difficulties with, 10,70
see also Genetic monitoring; Genetic screening

Genetic tests
availability for certain disorder, 15, 95
commercial development of, 12, 15,94-95

Genome. See Human genome project
Genotoxicity. See Chemicals; Ecogenetics; Mutation;

Mutagenicity; Radiation
Glucose-6-phosphate dehydrogenase (G-6-PD)

deficiency and role in occupational health of, 11,85
historical perspective and hypersusceptibility of carri-

ers for, 6, 41
Griggs v. Duke Power Co., 110

Haldane, J.B.S., 6,41
Hazard Communication Standard, 15, 16, 108
Health Effects Research Lab-EPA, 211
Health insurance, costs as justification for genetic moni-

toring and screening, 5-6,33,46
Hemoglobinopathies, 192
High Risk Occupational Disease Notification and Preven-

tion Act, 108-109
Hippocratic oath, 116, 117, 120
Hiroshima, Japan, 58,209
History, genetic monitoring and screening, 6,41-45

of congressional interest concerning genetics in the
workplace, 6, 8, 36-37

House Committee on Energy and Commerce (U.S.), 3
House Committee on Science and Technology (U.S.), 3,

6,36
House Committee on Science, Space, and Technology

(U.S.), 3
Howard Hughes Medical Institute (HHMI), 209
HPRT Mutational Spectra Repository, 66
Human genetics. See DNA; Genetic disease; Genetic

monitoring; Genetic screening; Genetic testing;
Genetic tests

Human genome project
impact on screening and monitoring technologies of, 8,

36
Program Advisory Committee on the Human Genome

and ethical issues, 8, 36-37
Human leukocyte antigen (HLA)

association with genetic disease, 80-81
role in occupational health, 87

Huntington’s disease
psychological considerations and genetic testing for,

20, 163
survey of attitudes of population at risk for, 20, 163
test for, 20,92-93

Hypersusceptibility
genetic factors and, 84
historical concept of, 41,50

Hypoxanthine-guanine phosphorbosyltransferase (HPRT)
measuring mutation frequencies with gene for, 66
relationship between mutations, exposures, and cancer,

66

Industry
DNA-based diagnostic tests offered by, 94-95
genetic screening and monitoring involvement by, 6,

44-45
occupational illness’ costs to health insurance, 5, 6,



260 . Genetic Monitoring and Screening in the Workplace

45-46
1989 OTA survey of, 173-184

Informed consent
role of genetic counseling in, 159-160
State statutes relating to, 160
see also Confidentiality; Privacy

Institute of Occupational Health, Finland, 48
Integrated Genetics (Massachusetts), 95
International Commission for Protection Against Envi-

ronmental Mutagens and Carcinogens, 65
International Commission on Radiological Protection, 56
International United Rubber, Cork, Linoleum, and Plastic

Workers of America, 7,34
Intervention, for genetic disorders

when it is available, 161
when it is unavailable, 19-20, 161

Johnson & Johnson, 44
Johnson Controls, Inc., 148
Jones Act, 111

Kelsey-Seybold Foundation, 7,34
Korean conflict, military use of antimalarial drug and

hypersusceptibility in, 6,41

Lead standard, 106
Legal considerations

collective bargaining, 16, 122-126
common law right to a safe workplace, 128-129
confidentiality and privacy, 12, 14, 116-122
employee rights to know results, 129
employee rights to refuse monitoring and screening,

129-131
employment-at-will, 14, 126-127
Federal responsibility, 15-16, 103-116
fetal protection policy, 128
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