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ABSTRACT 

This report describes the nature 9 prevalence. and trends of drug and 
alcohol abuse among members of the U.S. adult population and among 
personnel in non-nuclear industries. Analogous data specific to the 
nuclear utility industry are not available, so these data were qathered 
in order to provide a basis for regulatory planning. The nature, 
prevalence, and trend information was gathered using a computerized 
literature search, telephone discussions with experts, and interviews 
with employee assistance program representatives from the Seattle area. 
This report also evaluates the possible impacts that drugs and alcohol 
might have on nuclear-related job performance, based on currently 
available nuclear utility job descriptions and on the scientific 
literature regarding the impairing effects of drugs and alcohol on human 
performance. Employee assistance proqrams, which can be used to minimize 
or eliminate job performance decrements resulting from druq or ~lcohol 
abuse. are also discussed. 
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FOREWORD 

Drug and alcohol abuse among the general workforce of the United States 
has been recognized as a significant concern since the 1950's. Its major 
impact on industry has been in the areas of industrial safety and 
productivity. Two rules to the Code of Federal Re~ulation have been 
proposed--the 11 Access Authorization Rule" (10 CFR 73.56) and the 11 Fitness 
for Duty Rule" (lD CFR 50.54). In order to provide a technical basis for 
possible regulatory action on these rules, the possible impact of drug 
·and alcohol abuse on the job performance of nuclear utility personnel 
needs to be estimated. This report is a synthesis of present knowledqe 
about the nature, prevalence, and trends of drug and alcohol abuse amonq 
the U.S. population and workforce and about the impairing effects of 
drugs and alcohol on human performance. Thus, information presented in 
this report provides part of the technical basis for regulatory 
planning. In addition, this report provides information about employee 
assistance programs that can be used in the nuclear utility industry to 
overcome job performance decrements caused by drug and alcohol abuse. 
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EXECUTIVE SUMMARY 

The original purposes of this report were twofold: (1) to characterize 
and describe the nature, prevalence, and trends of drug and alcohol abuse 
in the nuclear utility industry, and (2) to evaluate possible impacts of 
drug and alcohol abuse on decrements in job performance of nuclear power 
plant personnel. However, only minimal data specific to the nuclear 
utility industry are currently available regarding the first purpose. 
Also, because of resource and time limitations and the sensitivity of 
drug and alcohol abuse issues, a direct survey of drug and alcohol abuse 
among nuclear utility industry personnel was not feasible. Thus, this 
report describes nature, prevalence, and trend issues as determined from 
non-nuclear industries and from the general, U.S. adult population. 
Without substantially more investigation, there is no way to determine 
whether employment practices within the nuclear utility industry would 
increase or decrease the prevalence of drug and alcohol abuse compared to 
the general population or non-nuclear industries. In order to provide a 
basis for regulatory planning, however, it is reasonable to assume that 
generally similar results would be found. Possible impacts of drug and 
alcohol abuse on nuclear-related job performance are identified based on 
currently available nuclear utility job descriptions and on the 
scientific literature regarding the impairing effects of drugs and 
alcohol on human performance. 

This information is needed by the Nuclear Regulatory Commission in order 
to provide guidance in establishing employee assistance programs that are 
practical, acceptable to government and industry, and demonstrate 
potential for minimizing/eliminating the use of drugs and alcohol on the 
job or off the job, if such use significantly degrades job performance. 

It has been estimated that 10% to 12% of the general workforce 
experiences job performance decrements as a result of alcohol abuse, 
mental health and emotional problems, marital/family problems, drug 
abuse, and other behavioral problems. Employee assistance programs, 
which have been used to mitigate performance problems due to all causes, 
including drug and alcohol abuse, have been shown to be 70% to 90% 
effective in treating troubled employees in numerous workplace settings. 

Drug Abuse 

For purposes of this study, drug abuse is defined as the use of illegal 
drugs or the illegal use of prescription drugs. Abuse of 
over-the-counter drugs is not assessed because of lack of data. The 
drugs of abuse included marijuana, cocaine and other stimulants, 
sedatives (sleeping pills), analgesics (pain killers), minor 
tranquilizers, and hallucinogens. 

National survey data on a representative sample of the U.S. adult 
(over 18) population in 1979 show that the drugs most frequently abused 
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are mar1JUana, cocaine and other stimulants, hallucinogens, inhalants, 
sedatives, minor tranquilizers, and analgesics (in that order). Over 
half of the non-alcohol drug use involves marijuana. Estimates of the 
total adult population who are current abusers of at least one drug are 
between 12% and 20%. Of those adults reporting drug abuse, it can be 
estimated that 3% to 5% have abused drugs on the job at least once. 
(This does not mean that they routinely abuse drugs on the job.) 

Employee assistance program consultants estimate that approximately 1% of 
a given workforce has significant on-the-job drug abuse problems that 
require the services of an assistance program. Seattle-area employee 
assistance program representatives estimated that from 4% to 10% of those 
employees who have sought help from their program have significant 
on-the-job drug abuse problems. These figures translate to 0.3% or less 
of their total workforce. 

A small sample of representatives from nuclear utility employee 
assistance programs said they were aware of little to no drug abuse at 
their plants. However, several dozen drug-related arrests at nuclear 
power plants over the past five years indicate that some drug abuse 
exists at the plants. The general workforce estimate of drug abuse used 
by employee assistance program consultants probably provides the best 
estimates for regulatory planning purposes. 

Alcohol Abuse 

For purposes of this study, alcohol abuse is equated with problem 
drinking, where a problem drinker is defined as someone who experiences 
social, psychological, and/or physiological problems as a result of their 
alcohol intake. Therefore, alcohol abusers include the alcoholic (i.e., 
one who has the disease of alcoholism) and those who are not alcoholic 
but who, because of their drinking, experience serious problems to the 
extent that some sort of intervention is advisable. Alcohol abusers 
exhibit characteristic behavior patterns and can be reliably identified 
by them. 

National survey data on adult drinking habits collected in the late 
1960's provide the best alcohol abuse prevalence estimates available on 
the U.S. adult population. These data indicated that approximately 11% 
of the U.S. adult population between 20 and 70 years of age are alcohol 
abusers. Sex. age, and occupation were found to be highly related to 
alcohol abuse prevalence. Approximately 17% of the adult male population 
were found to be alcohol abusers while only 4% of the adult women were 
found to be alcohol abusers. In terms of age differences, 13% of adults 
from 20 to 29 years, 12% of adults from 30 to 39, 12% of adults from 40 
to 49, 7% of adults from 50 to 59, and 6% of adults from 60 to 69 were 
alcohol abusers. 

Three job categories that are important in the nuclear utility industry 
are professional and technical workers, managers and administrators, and 
craftsmen. General population alcohol abuse prevalence estimates fer 
these job categories for men (no estimates are available for women in the 
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given occupations) aged 20 to 69 are 10% for professional and technical 
workers, 18% for managers and administrators, and 21% for craftsmen. 

Employee assistance program consultants estimate that approximately 5% to 
6% of the total workforce has serious enough alcohol abuse problems to 
degrade job performance and, therefore, to warrant treatment. For an 
all-male workforce, this estimate would be revised upward to 8% to 10%. 
Seattle-area employee assistance program representatives, s~rveyed for 
the purposes of this study, estimated that a minimim of 10% of their 
employees are in need of treatment for their alcohol abuse problems. 
From 45% to 100% of those seeking help from Seattle-area employee 
assistance programs did so specifically for alcohol abuse problems. This 
translates to less than 1% of the workforce actually seeking help through 
the employee assistance program for their alcohol abuse problem. 
However, help can also be sought through ways other than the employee 
assistance program. 

We attempted to collect preliminary data on alcohol abuse prevalence 
specific to the nuclear industry using a telephone interview technique. 
However, data were only collected from six employee assistance program 
representatives. Five estimated that 3% or less of their plant staff 
were alcohol abusers; the sixth representative estimated that as many as 
9% of the plant staff may suffer from alcohol abuse. Because few records 
are kept on these utility programs, these estimates were based only upon 
personal observation or personal opinion. 

In our professional opinion, the best estimates of alcohol abuse at 
nuclear utilities are provided by the occupational category estimates and 
the general workforce estimates. These data provide a range of estimates 
of alcohol abuse prevalence that are suitable for making regulatory 
decisions. Analysis of a range of estimates helps to make up for the 
fact that the estimates were developed from the general population and 
that the effects of nuclear industry employment practices on these 
estimates are unknown. 

Multiple Substance Abuse 

A present and future problem in the U.S. industrial workforce is likely 
to be multiple substance abuse; that is, alcohol abused in conjunction 
with other drugs. This projection is based on national survey data of 
the U.S. population, the experience of employee assistance program 
representatives in Seattle-based industries, and the scientific 
literature, all of which suggest that multiple substance abuse among the 
employed are rapidly increasing. Thus, multiple substance abuse may also 
become a problem in the nuclear utility industry. 

Evaluation of Impairing Effects 

In order to evaluate the impairing effects of drug and alcohol abuse on 
nuclear power plant workers 1 job performance, a model of human 
performance is presented. The model includes four types of human 
performance: 
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o Sensory/perceptual (inputting of information outside a person 
through the use of the senses) 

o Cognitive (memory, information synthesis and decisionmaking) 

o Motor (behavior--including movement, manipulating a dial, using 
a wrench, etc.) 

o Communicative (verbal communications) 

Next, the human performance model is related to five major job categories 
in nuclear power plants. The job categories (managers; scientists, 
engineers and other professional workers; licensed operators; 
non-licensed operators; and skilled craft workers) are taken from the 
1982 Institute on Nuclear Power Operations (INPO) survey of 
nuclear-related employment. A judgment was made regarding the importance 
of the types of human performance to the five major job categories 
identified. The results of the analysis are presented in the following 
table. 

Performance 
Category 

Sensory/ 
Perceptt~al 

Cognitive 

Motor 

Corrmunicative 

low 

Medium 

High 

Human Performance Requirements of 
Major Utility Jobs 

Skilled 
Managers Scientists Licensed Non-Licensed Craft 

& Engineers Operators Operators l<lorkers 

Low Medium High High Medium 

High High High Medium Medit!m 

Low Low Medium High High 

High Low High Medium Low 

Job category requires low frequency of doing tasks in 
specified performance area. 

Job category requires medium frequency of doing tasks in 
specified performance area. 

Job category requires high frequency of doing tasks in 
specified performance area. 
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The impairing effects of drugs and alcohol on job performance were 
determined through an analysis of the scientific literature. Marijuana has 
its greatest effects on motor performance and cognitive performance and also 
affects sensory/perceptual performance, especially vigilance. Stimulants in 
small doses typically have a positive effect on performance. However, 
higher doses or chronic use can negatively affect all categories of 
performance. Sedatives, including minor tranquilizers and barbiturates, 
have a fairly wide-ranging and significant negative effect on all four human 
performance categories. Hallucinogens, although they are the least likely 
drug to be abused during work, also negatively affect all four areas of 
human performance. Finally, alcohol also negatively affects all four areas 
of human performance; however, the effects depend on the dose of alcohol. 
Low doses of alcohol affect sensory/perceptual performance and motor 
performance. Moderate doses of alcohol also affect cognitive and 
communicative performance. 

The job performance requirements for the five occupational categories were 
then evaluated in light of the impairing effects analysis to determine which 
jobs would be most adversely affected by a given category of drugs or 
alcohol. Marijuana was estimated to have the largest negative impact on the 
job performance of licensed and non-licensed operators, to have a medium 
negative impact on the performance of managers and skilled craft workers, 
and to have the smallest negative impact on the performance of scientists 
and engineers. Stimulants, if taken in small doses, are not likely to 
impact job performance negatively. Since alcohol and sedatives produce 
generally the same effects, both were estimated to have the largest negative 
impact on the performance of skilled craft workers, non-licensed operators, 
and licensed operators, in that order, and to have less negative impact on 
the performance of managers and scientists and engineers. Hallucinogens 
would have a large negative impact on the performance of all five jobs. 

Employee Assistance Programs 

Two different types of programs have been used in the past to minimize or 
eliminate drug and alcohol abuse in the workplace. The first type of 
program, which proved to be unsuccessful, tried to identify the drug addict 
or alcoholic based on symptomatology. These programs were not successful 
for at least four reasons. First, nobody above first-line supervisors was 
diagnosed as having a problem. Second, the program often looked like a 
witch hunt and was bad for employee morale. Third, drug and alcohol abusers 
were very skillful at diverting attention from their problem (drug addiction 
or alcoholism) to the reasons why they used drugs and alcohol. Fourth, 
because of the stigma that was attached to drug addiction and alcoholism, 
very few employees were correctly diagnosed. 

In the 1960 1 S, the programs moved from symptomatology identification to 
being based only on job performance. The new programs were called employee 
assistance programs, because they were used to assist the troubled employee 
regardless of the reason for decrements in their job performance. The 
programs, therefore, were broader i~ coverage and were used to help 
employees with alcohol abuse problems, mental health and emotional problems, 
drug abuse problems, marital/family problems, and any other problems that 

xvii 



negatively affected job performance. Because the programs are broadbrush in 
their approach, because they are only based on job performance, and because 
of the confidentiality assured by the program, employee assistance programs 
have been fully accepted by both management and labor. They have proven 
successful in returning 70% to 90% of troubled employees back to successful 
job performance. Thus, we suggest that the employee assistance programs 
approach be used in the nuclear utility program to overcome employee job 
performance decrements that are a result of any personal problem, including 
drug and alcohol abuse. 
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1. INTRODUCTION 

Drug and alcohol abuse among the general workforce of the United States 
has been recognized as a significant concern since the l9so•s. Its major 
impact on industry has been in the areas of worker safety and worker 
productivity. National estimates that up to 47% of all non-fatal 
industrial accidents and 40% of fatal industrial accidents are 
alcohol-related attest to the impact of alcohol abuse on industrial 
safety records (National Institute of Alcohol Abuse and Alcoholism 
[NIAAA], 1978, 1981). In 1971, there was an estimated ~9.35 billion cost 
to industry from reduced productivity among alcohol-troubled male 
workers, aged 21 to 59. Aside from the higher rate of accidents, these 
workers are less efficient, have roughly five times the absentee rate of 
other employees, waste time while on the job, impair morale of 
co-workers, evidence faulty decisionmaking, require greater management 
time and attention, and experience higher rates of premature disability 
and death, resulting in the loss of employees in their prime who have 
skills that are difficult to replace (NIAAA, 1978, 1981). Similar 
patterns of reduced productivity have been reported among employees with 
drug abuse problems (Stephen & Prentice, 1978). A widely-accepted, 
conservative rule of thumb used in industry to estimate the cost savings 
that can be realized by programs aimed at the drug and alcohol abusing 
employee is that these employees are about 25% less productive than other 
employees (Tuthill, 1982). 

Smith (1982) provided estimates of the total workforce that could benefit 
from an employee assistance program for a variety of problems. In all, 
10% to 12% of the workforce is estimated to need the services of an 
employee assistance program for behavioral problems (i.e., problems that 
affect job performance). Of the troubled employee group, Smith (1982) 
estimates that 45% to 50% suffer from alcohol abuse (4.5% to 6.0% of the 
total workforce), 25% to 30% have a mental health or emotional problem 
(2.5% to 3.6% of the total workforce), 13% to 15% have family problems 
(1.3% to 1.8% of the total workforce), 7% to 10% suffer from drug abuse 
problems (0.7% to 1.2% of the total workforce), and nearly 10% have other 
behavioral problems (1.0% to 1.2% of the total workforce). While this 
report is only concerned about drug and alcohol abuse, it is clear that 
there are other employee problems that can affect job performance that 
would benefit from the services provided by an employee assistance 
program. 

Another perspective on the costs of employee drug and alcohol abuse to 
industry comes from programs set up to address these problems. Various 
organizations have calculated the savings that can be attributed to 
rehabilitation of the drug- and alcohol-abusing employee through company 
employee assistance programs. The Tennessee Valley Authority (TVA) 
estimates potential benefit of ~215,097 to ~46,742 attributable to the 
efforts of their Alcohol and Drug Dependency Program, a return of $2.73 
to $5.66 per dollar spent on their program ( 11 TVA Issues Annual Report, 11 

1980). Levens (1976) estimates that in a typical company 11% to 21% of 
sick leave compensation, 11.5% to 54% of compensation for absenteeism, 
11.5% of costs due to on-the-job accidents, 18.4% of health insurance 
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costs, and 24.2% of the costs resulting from employee mortality can be 
attributed to employees abusing drugs and alcohol. Levens asserts that 
companies with employee assistance programs, where one-third of those 
seeking help for drug- and alcohol-related problems would be successfully 
treated, would realize a 3.8% to 7.3% cost savings for sick leave, a 3.8% 
to 7.8% cost savings for absenteeism, a 3.8% cost savings for on-the-job 
accidents, a 6.1% savings in health insurance costs, and a 8.1% savings 
in costs due to mortality. Since employee assistance programs report 
success rates of approximately 80% to 90% {Frey, 1983), Levens• estimates 
of typical cost savings to an organization appear to be conservative. 

Aside from the direct evidence of the relationship between alcohol abuse 
and occupational safety (e.g., alcohol is involved in almost half of 
fatal and non-fatal accidents on the job), employee drug and alcohol 
abuse in the nuclear utility industry could also impact public health and 
safety from increased human error in plant operations. Increases in 
human error could be due to at least two causes--absenteeism and a direct 
effect on performance. 

Employees who abuse drugs and alcohol are five times more likely to be 
absent from work than other employees. Workers who do not show up to 
perform their job must be replaced by someone else. The replacement pool 
generally comes from one of two sources: persons who are less familiar 
with the job (i.e., supervisors or temporary help), or persons who 
perform identical functions and are called on to work overtime or do 
double shifts. Both worker groups present potential safety liabilities: 
the former group because of their unfamiliarity with procedures and/or 
lack of recent experience, both of which are likely to increase errors 
and response time for the performance demands; and the latter group 
because of fatigue brought on by the long work hours. Also, as is 
discussed in detail in Sections 5. and 7., drugs and alcohol impair 
sensory/perceptual performance, cognitive performance, motor performance, 
and communicative performance. Such performance decrements imply 
increased human error, which could directly affect plant safety. 

Over the past two years, the Nuclear Regulatory Commission (NRC) has 
shown a heightened awareness regarding drug and alcohol abuse problems in 
the nuclear utility industry and the implications for the safe operation 
of nuclear power plants. Recent drug incidents involving the arrest or 
termination of licensee or contractor employees are as follows: 1977, 
two; 1978, none; 1979, one; 1980, five; and 1981, twelve. By early 1982, 
at least four more terminations had been reported. The incidents 
involved on-site .Possession and use of drugs, as well as personnel 
reporting to work under the influence of drugs (NRC, Information Notice 
No. 82-05). The drugs all come under the jurisdiction of the 
Comprehensive Substances Act of 1970. All are classified under Schedules 
I and II of the Act and, as such, are considered to have high potential 
for addiction (i.e., marijuana, hashish, amphetamines, phencyclidine, and 
methaqualone). Marijuana abuse was most frequently reported in NRC 
incident reports. The events included a variety of different employee 
groups, ranging from construction, operations, and security. 

2 



Geographically, they occurred on a widespread basis, involving reactor 
sites in each of the five NRC regions. 

In response to this information, an Office of Inspection and Enforcement 
(IE) Drug Abuse Task Force was established to address the problem on a 
generic basis. The Task Force surveyed a selected group of licensees and 
issued a report on their findings, "Survey of Industry and Government 
Programs to Combat Drug and Alcohol Abuse" (NUREG-0903). Additionally, 
two proposed rules to the Code of Federal Regulations (CFR), "Access 
Authorization Rule" (10 CFR 73.56) and "Fitness for Duty Rule" 
{10 CFR 50.54), are seen as an avenue by which a regulatory framework can 
be fashioned to guide utility programs that could address performance 
problems. 

Some utilities have already undertaken an effort to address the need for 
employee assistance programs. Also, the Edison Electric Institute is 
currently assessing employee assistance programs in the industry. The 
industry is large and diverse. According to a recent survey conducted by 
the Institute of Nuclear Power Operations (INPO) of 58 of its member 
utilities, the nuclear industry respondents reported an employee 
population, excluding clerical and administrative staff, of approximately 
26,099 on-site personnel (INPO, 1982). Thus, a variety of program 
strategies may be warranted. 

Reliable information is not currently available on the nature, 
prevalence, and trends of drug and alcohol abuse among nuclear power 
plant workers. Because of the lack of this data and its importance to 
providing the NRC with guidance for possible regulatory action, this 
report uses estimates from the general population on the nature, 
prevalence, and trends of drug and alcohol abuse. Then, based on 
scientific literature regarding the effects of drug and alcohol 
consumption on job performance factors, the potential effects of drug and 
alcohol abuse on nuclear power plant worker performance are considered. 
Well-founded knowledge regarding the job categories most affected, the 
drugs most frequently abused on the job, and expected trends in drug and 
alcohol abuse are important to the formulation of employee assistance 
programs. Knowledge of other behavioral problems that negatively affect 
performance also needs to be considered. The assistance programs will 
benefit employees, protect public health and safety, and promote the 
productivity, efficiency, and safety of nuclear power plant operations. 

The remainder of this report is divided into seven sections. Section 2. 
summarizes the major findings of this report. The definitions of drug 
and alcohol abuse as employed in this report are discussed in Section 3. 
In Section 4., the expected nature and prevalence of drug abuse are 
examined, focusing particularly on the employed U.S. population. 
Included here is a review of the scientific literature on drug abuse 
prevalence and patterns. In addition, findings from the results of the 
survey of local industries with established employee assistance programs 
are discussed. In Section 5., the impairing effects of drug abuse on job 
performance are considered, with attention to a model of human 
performance as it relates to job performance of the job categories 
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relevant to the nuclear industry. The impairing effects examined are 
limited to those resulting from drugs most typically abused in the 
general population. For the most part, the effects discussed are those 
arising from taking drugs on the job or immediately prior to reporting to 
work. In Section 6., the estimates of alcohol abuse prevalence in the 
general adult population and the U.S. workforce are presented. The 
findings from interviews with nuclear utility and local industry employee 
assistance program personnel concerning alcohol abuse are also presented 
in Section 6. Section 7. discusses the impairing effects of alcohol 
abuse on job performance. For the purposes of the impairing effects 
analysis, alcohol abuse primarily refers to drinking on the job or just 
prior to coming on shift. Performance decrements due to chronic, 
off-the-job abuse are also discussed. Finally, Section 8. presents the 
conclusions and recommendations of the report. 
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2. SUMMARY AND CONCLUSIONS 

The original purposes of this report were twofold: (1) to characterize 
and describe the nature, prevalence, and trends of drug and alcohol abuse 
in the nuclear utility industry, and (2) to evaluate possible impacts of 
drug and alcohol abuse on decrements in job performance of nuclear power 
plant personnel. However, only minimal data specific to the nuclear 
utility industry are currently available regarding the first purpose. 
In addition, a direct survey of drug and alcohol abuse in the nuclear 
utility industry was not considered feasible. Thus, this report 
describes nature, prevalence, and trend issues as determined from 
non-nuclear industries and from the general, U.S. adult population. 
Without substantially more investigation, there is no way to determine 
whether employment practices within the nuclear utility industry would 
increase or decrease the prevalence of drug and alcohol abuse compared to 
the general population or non-nuclear industries. In order to provide a 
basis for regulatory planning, however, it is reasonable to assume that 
generally similar results would be found. Possible impacts of drug and 
alcohol abuse on nuclear-related job performance are identified based on 
currently available nuclear utility job descriptions and on the 
scientific literature regarding the impairing effects of drugs and 
alcohol on human performance. 

The nature of the possible alcohol abuse problems is limited to the 
demographic characteristics of alcohol abusers and the problems caused by 
alcohol abuse, but not with the type of alcohol (e.g., beer, wine, and 
liquor) abused. The nature of the possible drug abuse problems deals 
with abuser demographics and types of drugs abused. Drug and alcohol 
abuse prevalence rates refer to the percentage of people who are abusing 
alcohol or specific drugs. Statements made about trends in the possible 
drug and alcohol abuse regard what is likely to be abused in the future. 
The possible effects of drug and alcohol abuse on job performance are 
drawn from medical and experimental research on the effects of drug and 
alcohol on specific performance. 

Because minimal data are currently available, the estimates of the 
nature, prevalence, and trends of abuse were derived using several 
methodologies. First, the nature, prevalence. and trends for drug abuse 
and for alcohol abuse in the U.S. adult population were identified 
through a survey of the scientific literature. These data were used as 
one way of estimating potential drug and alcohol abuse problems in the 
nuclear utility industry. Second, an expert in the area of employee 
assistance programs was consulted to identify established, successful 
employee assistance programs in the local business community. As a 
result, fourteen companies in the Seattle area that had over 1,000 
employees were contacted and an interview was held with a representative 
of their employee assistance program in order to obtain estimates 
relevant to this study. These data were also discussed in this report as 
possible estimates for the nuclear utility industry, recognizing that the 
data are limited by the extent to which regional influences in the 
Pacific Northwest may bias the data base. Finally, a sample of nuclear 
utilities was contacted by telephone in order to collect information from 
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the nuclear utility industry. These data were compared to the estimates 
made from the other methodologies. The above data, combined with other 
information regarding employee problems, such as mental health and family 
marital problems, can then be used as a basis for the development of 
employee assistance programs in the nuclear utility industry. 

2.1 Drug Abuse 

Drug abusers were defined as those who use illegal drugs or use legal 
drugs illegally. National survey data indicate that those who are most 
likely to abuse drugs are: male, young adults, from large metropolitan 
areas, and from the Northeast region of the country. The drug most 
likely to be abused is marijuana. In 1979, approximately 35% of 18-25 
year olds were current abusers (where current abuse is defined as using 
the drug at least once in the past month) and approximately 6% of those 
over 25 were current abusers of marijuana. The next most abused drug is 
cocaine--approximately 9% of the 18-25 year olds were current abusers and 
1% of older adults were current abusers. Other drugs--such as 
stimulants, minor tranquilizers, sedatives, and analgesics (11 pain 
k i1lers 11 }--are abused, but much less often. 

Unfortunately, the survey data are not reported so as to make a specific 
statement about the percentage of all adults who currently abuse drugs. 
However, a range can be calculated--from 12% to 20% of all adults 18 
years or older were current abusers of drugs in 1979. Other survey data 
from 1977 indicate that approximately 25% of those who abuse drugs have 
done so at least once on the job. It is likely that on-the-job drug 
abuse remained at the same level or increased from 1977 to 1979. 
Combined with the above data, this would imply that from 3% to 5% (i.e., 
25% x 12% to 20% = 3% to 5%) of adults have abused a drug at least once 
on the job. 

The survey data do not permit an estimate of the percentage of adults who 
have continual on-the-job drug abuse problems. However, it has been 
estimated by employee assistance program planners that approximately 1% 
of an average employee population shows significant decrements in job 
performance as a result of drug abuse. Representatives from the Seattle 
area employee assistance programs estimated that the most abused drug on 
the job is marijuana, followed by minor tranquilizers and then ampheta­
mines and cocaine. They estimated. that 4% of those seeking help from the 
employee assistance programs do so because of a significant drug abuse 
problem, but that actually 7% to 10% of those people that they see have a 
significant drug abuse problem. Depending upon the company, from 1% to 
3% of employees had sought help from their company•s employee assistance 
program. Therefore, in terms of actual employees seen by employee 
assistance programs who have a significant drug abuse problem, the 
maximum percentage would be 0.3% (i.e., 10% x 3%) of the total workforce. 

To summarize the above figures, an estimated 3% to 5% of U.S. adults have 
abused a drug at least once on the job, an estimated 1% of the U.S. 
workforce has significant on-the-job drug abuse problems so that employee 
assistance program help is needed, and an estimated 4% to 10% of 
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employees who actually sought employee assistance program help in the 
Seattle area {which is less than 0.3% of all employees) did so for 
significant drug abuse problems. If it can be assumed that the nuclear 
power plant workforce is similar to the above populations, then these 
estimates also hold for the nuclear power plant employees. However, 
because the nuclear power plant workforce is predominantly male and 
because men are more likely to abuse drugs than women, the above 
estimates may be underestimates when applied to the nuclear power plant 
workers. 

2.2 Alcohol Abuse 

Alcohol abusers are people who experience social, psychological, and/or 
physiological problems as a result of their alcohol intake. Thus, 
alcohol abusers include those who are true alcoholics (i.e., have the 
disease of alcoholism) and those who are not alcoholic but who do 
experience problems because of their drinking. Whether one is or is not 
an alcohol abuser can be determined through observable behaviors. 

Survey data indicate that those most likely to have alcohol abuse problems 
are: male, 20-49 years of age, blue collar workers, and from large metro­
politan areas. National surveys have found that approximately 11% of the 
adult U.S. population are alcohol abusers. This 11% average is composed 
of approximately 4% of the adult female population and 17% of the adult 
male population. The following estimates of alcohol abuse for males for 
specific occupa·tional categories are also available from national survey 
data: managers (18%), scientists/engineers (10%), licensed operators 
(10%), non-licensed operators (21%), and skilled craft workers (21%). 

Depending on the company, from 45% to 100% of those employees who use the 
Seattle-area employee assistance programs do so for alcohol-related 
reasons. The employee assistance program representatives estimated that 
approximately 10% of their workforce suffered from alcohol abuse problems. 

While the above estimates are not specific to on-the-job problems, it is 
realistic to assume that many alcohol abusers have on-the-job performance 
problems. Thus, alcohol abuse is likely to be much more prevalent among 
the nuclear power plant workers than is drug abuse. 

2.3 Multiple Substance Aouse 

A present and future problem in the U.S. industrial workforce is likely 
to be multiple substance abuse; that is, alcohol abused in conjunction 
with other drugs. This projection is based on national survey data of 
the U.S. population, the ·experience of employee assistance program 
representatives in Seattle-based industries, and the scientific 
literature, all of which suggest that multiple substance problems among 
the employed are rapidly increasing. Thus, multiple substance abuse may 
also become a problem in the nuclear utility industry. 
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2.4 Nuclear Utility Industry 

Eight representatives of nuclear utilities agreed to be interviewed over 
the telephone about drug and alcohol abuse at their plants out of 40 
representatives who were contacted as part of the nuclear utility 
industry telephone survey. The representatives stated that they were 
aware of little or no drug-related problems at their plants. Five of six 
representatives, who estimated alcohol abuse prevalence, estimated that 
less than 3% of the employees had alcohol abuse problems; the other 
representative estimated that the prevalence rate might be as high as 
9%. These responses suggest that the nuclear utility industry, like all 
other industries, recognizes that some alcohol abuse problems exist among 
its personnel. However, their estimates for alcohol abuse are much lower 
than the general population and general workforce estimates and the 
estimates provided by representatives from Seattle-area, non-nuclear 
industries. Regardless of the actual prevalence rates in the nuclear 
utility industry, the problems caused by drug and alcohol abuse in other 
industries and the usefulness of employee assistance programs in 
overcoming these problems suggest that such programs are needed in the 
nuclear industry also. 

2.5 Evaluation of Impairing Effects 

In order to evaluate the impairing effects of drug and alcohol abuse on 
nuclear power plant workers' job performance, a model of human perfor~ 
ance is presented. The model includes four types of human performance: 

1 Sensory/perceptual (inputting of information outside a 
person through the use of the senses) 

1 Cognitive (memory, information synthesis and decisonmaking) 

1 Motor (behavior--including movement, manipulating a dial, 
using a wrench, etc) 

1 Communicative (verbal communications) 

Next, the human performance model is related to five major job categories 
in nuclear power plants. The job categories (managers; scientists, 
engineers and other professional workers; licensed operators; 
non-licensed operators; and skilled craft workers) are taken from the 
1982 INPO survey of nuclear-related employment. A judgment was made 
regarding the importance of the types of human performance to the five 
major job categories identified. The results of the analysis are 
summarized in the following table. 

The impairing effects of drugs and alcohol on job performance were 
determined. Marijuana has its greatest effects on motor performance and 
cognitive performance and also affects sensory/perceptual performance, 
especially vigilance. Stimulants in small doses typically have a 
positive effect on performance. However, higher doses or chronic use can 
negatively affect all categories of performance. Sedatives, including 
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minor tranquilizers and barbiturates, have a fairly wide-ranging and 
significant negative effect. All four human performance categories are 
adversely affected by sedatives. Hallucinogens, although they are the 
least likely drug to be abused during work, also negatively affect all 
four areas of human performance. Finally, alcohol also negatively 
affects all four areas of human performance. Low doses of alcohol affect 
sensory/perceptual performance and motor performance. Moderate doses of 
alcohol also affect cognitive and communicative performance. 

htl.ated I~~~Ptct of tl'le I•atrlng Effects of Drugs ll'ld Alcohol 
on Job Perforw&IICt for Fhe Oc:cup&tlonal Categortua 

Drug Categories 

Klr\juana Stl1111hnts Sedatives Halluchlogel'!s Alcohol 

Kll'!agers Nonexlstel'lt 
Medh• to Salall Medi!Jftl large Medium 

Scientists NonexIstent 
lo £ng111HrS S.all to Small Medlw. Larqe Medium 

Licensed No11exlstent 
Dperuors large to S.all Large Larqe larqe 

Non-licensed None~lstent 
Operators large to Small Large lal"<je Larqe 

Sk !lied Craft Nol'!ellhtent 
Workers Medlw. to S.all Large large Large 

•Refers to the effects of short-ten~ drug or alcohol use at low dose levels. 

The job performance requirements for the five occupational categories 
were then evaluated in light of the impairing effects analysis to 
determine which jobs would be most adversely affected by a given category 
of drugs or alcohol. These effects are summarized in the table below. 

Human Performance Requirements of 
Major Ut111ty Jobs 

Performance Managers Sc1ent1sts L 1censed Non-Licensed 
Category & Engineers Operators Operators 

Sensory/ 
Perceptual Low Medium High High 

Cognitive High High High Medium 

Motor Low Low Medium High 

Coornunicatlve High Low High Medium 

Low • Job category requires low frequency of doing tasks In 

Medium 

specified performance area. 

Job category requires medium frequency of doing tasks in 
specified performance area. 

High Job category requires high frequency of doing tasks In 
specified performance area. 
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Skilled 
Craft 
Workers 

Medium 

Medium 

High 

Low 



3. DEFINITION OF DRUG ABUSE AND ALCOHOL ABUSE 

Drug abuse is defined as the illegal use of a legal drug or use of an 
illegal drug. No consideration is given to the legitimate use of 
prescribed drugs. However, it is recognized that the psychoactive drugs 
discussed in this report can influence job performance under any 
circumstances. While the abuse of non-prescription drugs, which do not 
qualify as psychoactive drugs, has been noted as increasing, they are not 
included in this study because of absence of data regarding their use. 
Abuse of non-prescription drugs (e.g., over-the-counter diet pills and 
antihistamines) can, however, have an influence on human performance. 

A number of definitions for alcohol abuse are available. For example, an 
early classic definition of alcoholism is derived from medical statistics 
on individuals who died because of cirrhosis of the liver due to 
alcoholism (Jellinek, 1960). Such a definition is quite conservative, 
because it only identifies drinkers for whom the habit had become 
life-threatening. A more commonly used definition identifies a person as 
suffering from alcoholism if their drinking is socially, physiologically, 
or psychologically debilitating (Sexias, Blume, Cloud, Leiber, & Simpson, 
1976). This latter definition has been used to identify populations for 
study, or treatment, as alcoholics. 

For this study, we adopted a definition for alcohol abuse, rather than 
for alcoholism, which is based on observable drinking patterns and 
observable social, psychological, and physiological conditions of a 
person. This definition for alcohol abuse (also called problem drinking) 
was developed by Cahalan (Cahalan, 1978) and is based on the severity of 
problems in eleven categories of behavior. The eleven categories are: 

1 frequent intoxication--measured by the amount respondents 
drank on an occasion, the frequency with which they drank 
fairly large amounts, and their reports of how often they 
got ''high" or 11 tight." A high score was attained on this 
variable if the respondent: drank five or more drinks at 
least once a week; or drank eight or more drinks on one of 
the two most recent drinking occasions and twice in the 
last two months; or drank twelve or more drinks on one of 
the last two occasions and twice in the last year; or is 
currently getting high or tight at least once a week. 

1 binge drinking--consisted of being intoxicated for at least 
several days at a time or for two days on more than one 
occasion. 

o a~~&;;.~~;;~''~~~~~ition of signs attributed to 
T on alcohol and loss of control over 

dr nking, including drinking to get rid of a hangover, 
having difficulty in stopping drinking, blackouts (lapses 
of memory), skipping meals while drinking, tossing down 
drinks for a quicker effect, and sneaking drinks. 
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• 

• 

• 

• 

psychological dependence--drinking to alleviate depression 
or nervousness or to escape fr·om the problems of everyday 
living. 

~roblems with spouse or relative--included the spouse 
eaving, threatening to leave, or becoming concerned over 

the respondent•s drinking; the spouse or relative asking 
the respondent to cut down on his drinking; and the 
respondent judging his drinking as having had a harmful 
effect on his home life. 

problems with friends or nei~hbors--included the report 
that friends or neighbors ha suggested that the respondent 
cut down on his drinking or that the respondent had felt 
that his drinking has been harmful to his friendships and 
social life. 

job problems--consisted of losing or nearly losing a job 
because of drinking, having coworkers suggest that the 
respondent cut down on drinking, and rating oneself as 
having harmed one•s work opportunities through drinking. 

--;;ir';;:Tiiii-i'i-;;'-'T27'""' 1 ~.~~~;~ ~ 1~ ~ ~ u ded report i ng 
<>~ ~ ving while 

intoxicated or drinking contribut 
which there was personal injury. 

to an accident in 

a health problems--based on reports that drinking had been 
harmful to the respondent•s health and that his physician 
had advised him to cut down on his drinking. 

• financial problems--based on reports that drinking had 
harmed the respondent•s finances during the three previous 
years. 

1 belligerence--based on reports that drinking caused the 
respondent to feel aggressive or cross or was followed by a 
fight or heated argument. 

Cahalan measured the eleven categories by using a total of 58 items. The 
number of items per category was unequal across categories, which 
generally had the effect of giving less weight to health problems, 
financial problems, and belligerence. If a respondent answered 
affirmatively to seven or more of the 58 items, Cahalan considered the 
respondent a problem drinker {alcohol abuser). It is important to note 
that the Marden formula, which is discussed in this report, is based on 
Cahalan•s survey data of the drinking practices of the U.S. population. 
That is, Marden reanalyzed the Cahalan data and determined the percentage 
of respondents for a given sex, age, and occupation category who answered 
affirmatively to seven or more of the 58 items. 
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Basing alcohol abuse on seven or more affirmative responses to the 58 
items might seem overly conservative; however, Cahalan reported that: 

••• a fairly high overall current problems score of seven 
points or more ••• could be attained only by having problems 
in two or more areas, with at least one being rated as being 
severe in form; or problems in three or more areas, with at 
least two being at least moderate in severity; or problems in 
five or more areas, with at least one being moderate or severe; 
or slight problems in seven or more areas (Cahalan, 1970). 

Also, of the eleven categories of alcohol-related problems, most are 
directly or indirectly related to job performance. For instance, 
frequent intoxication and/or binge drinking can cause lost days at work. 
In addition, because of the rate at which alcohol is broken down by the 
liver, a worker who drank heavily one evening could still have alcohol in 
his bloodstream at work the next day. If workers are experiencing 
symptomatic drinking, they are almost certainly experiencing job-related 
problems because they are likely to have alcohol in their bloodstream 
much of the time. Alcohol-caused problems with a worker's spouse, 
relatives, friends, or neighbors generally affect job performance. 

We have therefore chosen to use Cahalan's definition of problem drinker 
(alcohol abuser) in this report for several reasons: 

1 The definition is based upon observable criteria that are 
indicative of social, psychological, and physiological 
problems related to the abuse of alcohol. 

1 Data from a national sample of adult respondents exist on 
which alcohol abuse prevalence rates have been calculated 
(the Marden formula}. 

1 The Marden formula is now used by many state alcoholism 
agencies to estimate the number of alcohol abusers in their 
state as the basis of the statement of need for alcoholism 
treatment services. 

1 The definition is general enough to include people who are 
experiencing problems related to alcohol abuse, which often 
could affect job performance, but who have not yet become 
true alcoholics. 
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4. NATURE, PREVALENCE, AND TRENDS OF DRUG ABUSE 
IN EMPLOYED POPULATIONS 

Problems associated with alcohol abuse were recognized before problems 
associated with drug abuse. Alcohol abuse has been a major concern to 
industry since the 1950's (Trice & Roman, 1972). It was not until the 
11 epidemic'' of drug abuse in the late 1960's and early 1970's, however, 
that the abuse of drugs other than alcohol became sufficiently widespread 
in the workplace to require an industry response (Urban, 1973). As long 
as a decade ago, estimates of the proportion of companies with employee 
drug abuse problems ranged from 20% to 75% or even higher (Scher, 1973). 

4.1 Factors Influencing Drug Abuse Patterns 

An assessment of drug abuse practices among the employed population is 
complicated by several variables. First, there is a scarcity of 
information regarding on-the-job drug abuse. The most available source 
of information is from records of treatment intervention (i.e., treatment 
for acute reactions, long-term rehabilitation). However, only 20% of 
those treated for drug abuse have been employed (Stephen & Prentice~ 
1978). Though there is a trend toward greater drug abuse in the employed 
population and drug abuse of greater severity, the intervention data, to 
date, do not provide good estimates for employed workers. 

Geographic and demographic variables also influence the conclusions that 
can be drawn from general population data. Regional differences in drug 
abuse patterns occur as do differences related to population density. 
Fishburne, Abelson, and Cisin (1980) examined the drug abuse practices of 
a representative sample of the U.S. population. An analysis of the data 
for regular marijuana abusers indicated regional and population density 
differences and trends, as shown in Table 1. 

As can be seen from these data, the percentage of young adults and older 
adults who are regular marijuana abusers differs as a function of 
population density and region of the country. The most striking 
differences are between rural and metropolitan populations and between 
age groups. Abuse has increased significantly in the South for both age 
groups and in the North Central U.S. for young adults. All groups report 
greater abuse in 1979. 

Other demographic variables--sex, education, and occupation--also 
complicate the assessment of general and on-the-job drug abuse. Males 
report greater abuse of marijuana than females (with men also showing 
significant increase in abuse between 1977 and 1979). Among older 
adults, college-educated respondents were more likely to be current 
abusers (Fishburne et al., 1980). The data have recently been broken 
down by occupational groups for 11 0lder adu1ts. 11 * The occupational 

*Fishburne, P., Response Analysis, personal communication between 
P. Fishburne and L. Southwick, 1982. 
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Table 1 

Current Marijuana Abuse Among Young (Age 18-25) and Older (Age 26+) 
Adults by Region and Population Density: 1g76-1g79a 

Region 

Northeast 
North Centra 1 

South 

West 

Population 
Density 

Large 
metropolitan 

Small 
metropolitan 

Non­
metropolitan 

Rural 

2,500-24,999 

2,499 or 1 ess 

Young Adults 

Change: 
1976 1977 1979 '77 79* 

26% 34% 40% 
27% 29% 38% 

18% 17% 30% 
35% 33% 36% 

29% 31% 39% 

28% 29% 36% 

16% 18% 30% 

28% 

37% 

23% 

NS 
s 
sss 
NS 

s 

NS 

sss 

Older Adults 

Change: 
]q76 1977 1979 '77-79* 

5% 
2% 

3% 
4% 

5% 

4% 

1% 

5% 
3% 

1% 

5% 

5% 

3% 

1% 

7% 
4% 

5% 
9% 

8% 

6% 

4% 

3% 

4% 

3% 

NS 
NS 

sss 
NS 

NS 

s 

ss 

a Current abuse means that marijuana was used in the previous month. 

* SSS =significant at .001 level (i.e., these data would be due to 
chance only one time in a thousand or less) 

SS = significant at .01 level 
S = significant at .05 level 
NS = not significant 

Not tabulated. 
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group that reported the highest level of current abuse was physicians 
(25%), followed by technical workers (24%) and sales workers (17%). 
Engineers reported a moderate level of current abuse (10%), and low 
levels of current abuse were reported by secretaries (1%). Nurses, other 
health workers, and private household workers reported no marijuana abuse. 

4.2 General Population Survey Findings on Drug Abuse 

A major study of occupational drug abuse was conducted by Chambers and 
Inciardi (Chambers & Inciardi, lg7la; lg7lb) for the New York State 
Narcotic Addiction Control Commission. Approximately 7,400 in-person 
interviews assessed drug abuse in New York state in 1971. Projections 
based on employment status of participants suggested the following 
generalizations regarding the prevalence of drug abuse both on and off 
the job (Pradhan & Outta, lg77): 

1 The most commonly abused illicit drug is marlJUana; 11% of 
the total sample reported at least one experience with 
marijuana, and a high proportion of regular abusers (27%) 
reported some use during work hours. 

1 Regular abuse of non-barbiturate sedatives, 
antidepressants, and narcotics is uncommon (less than 1% of 
the population); regular abuse of barbiturates, 
prescription 11 pep" and 11 diet 11 pills, and minor 
tranquilizers is more common (about 2% of the population), 
and they are abused relatively frequently by sales workers. 

1 Regular abuse of the minor tranquilizers is highest among 
clerical and other white-collar workers (6% of this group), 
and if a worker is a regular abuser of either minor 
tranquilizers or prescription "pep11 pills, there is a 
likelihood that at least some of this abuse occurs while 
on-the-job (15% of regular abusers take these drugs while 
at work). 

Results of the Fishburne et al. (lg8o) survey sponsored by the National 
Institute on Drug Abuse (NIDA) provided interview data from 7,224 members 
of the general population living in the contiguous United States.* 
Like the preceding survey by Chambers, results of this NIDA report 
indicated that--following alcohol--marijuana is the psychoactive 
substance that the public is most likely to abuse. In the 1979 survey 
(see Table 1), 68% of young adults (ages 18-25) had used marijuana at 
least once in their lifetime (lifetime prevalence), and 35% had used 
marijuana within a month of the survey (past month prevalence). Among 
older adults (26 years or older), the lifetime prevalence rate was 20% 

*See also Table 1, above, for summary data concerning current marijuana 
abuse. 
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and the past month prevalence rate was 6%. The estimate for all adults 
combined is 30% for lifetime prevalence and 12% for past mont~ prevalence 
(the 12.5% figures in Table 2 was rounded downward, because the 
calculated figure was 12.47%). Of particular interest was a finding that 
among the subgroup of 11 older adults .. aged 26 to 34, who were young adults 
during the early 70's, the rates were considerably higher. Of this 
group, almost 50% reported some experience with marijuana. Overall, 
Fishburne's et al. data for 1979 are substantially higher than the 
estimates based on Chambers• 1971 data. This suggests that there has 
been a significant increase in marijuana abu~e among both young adults 
and older adults in recent years. 

Other drugs examined in the 1979 NIDA study are listed in Table 2. They 
include hallucinogens, stimulants, sedatives, minor tranquilizers, 
inhalents, analgesics, heroin, and alcohol. Unfortunately, the data are 
not independent--i.e., someone who has abused marijuana might also have 
abused cocaine and/or alcohol and/or sedatives, etc. In conjunction with 
this, the authors state that abusers of other drugs are generally a 
subset of the marijuana abuser group.* This point will be discussed 
more later in this section. Other important points to be made from 
Table 2 (Fishburne et al., 1980) are: 

1 Compared to older adults, young adults have a higher lifetime 
prevalence rate and past month prevalence rate for every type of 
drug. 

• Next to marlJUana, the most commonly abused illicit drug is 
cocaine. The age-weighted rate for all adults for lifetime 
prevalence is 11% and for past month prevalence is 3%. 

1 Other drugs are abused at a much lower rate. 

In order to estimate the prevalence rate for all drug abuse, two 
assumptions need to be made. First, we will assume that anybody who 
abused the drug in the past month regularly abuses the drug. Second, we 
need to make an assumption about independence of drug abuse. To do this 
we will look at two figures. First, we will assume that people who abuse 
a drug other than marijuana also abuse marijuana, so that our lowest 
estimate of drug abuse is simply the estimate of past month marijuana 
abuse. Second, for our highest estimate of drug abuse, we will assume 
that no person abused more than one drug. Thus, our highest estimate of 
drug abuse is found by adding together the past month prevalence rate for 
all drugs. This means that for young adults the drug abuse rate ranges 
from 35.4% (the percent of marijuana abusers) to 59.7% (the percent of 
marijuana abusers plus the percent of cocaine abusers plus the percent of 
all other drug abusers); for older adults, the drug abuse rate ranges 
from 6.0% to 7.9%; and for total adults, the drug abuse rate ranges from 
12.5% to 19.5%. 

*Fishburne, P., Response Analysis, personal communication, 1982. 
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-~ 

Type of Drug 

Marijuana 

Cocaine 

Hallucinogens 

Stimulants 

Sedatives 

Minor 
tranquilizers 

Inhalants 

Analgesics 

Heroin 

Alcohol 

aN = 2, 044. 

bN = 3,015. 

Table 2 

Drug and Alcohol Lifetime Prevalence Rates and Past Month 
Prevalence Rates for the U.S. Population in 1979 

Young Adults (l8-25)a 

Lifetime Past Month 
Prevalence Prevalence 

68.2% 35.4% 

27.5 9.3 

25.1 4.4 

18.2 3.5 

17.0 

15.8 

16.5 

11.8 

3.5 

95.3 

2.8 

2. l 

1.2 

l.O 

* 
75.S 

Older Adults (26+)b 

Lifetime Past Month 
Prevalence Prevalence 

19.6% 6.0% 

4.3 0.9 

4.5 * 

5.8 0.5 

3.5 

3. l 

3.9 

2.7 

l.O 

91.5 

* 

* 
0.5 

* 

* 
61.3 

Total Adults (l8+)C 

Lifetime Past Month 
Prevalence Prevalence 

30.3% 12.5% 

ll.l 2.8 

9.0 l.O 

8.5 1.2 

6.5 

5. 9 

6.7 

4.7 

1.6 

92.3 

0.6 

0.5 

0. 7 

0. 2 

64.5 

CAn age-weighted average based on 1980 census figures for the U.S. and assuming "older 
adultS 111 ages ranged from 26-64. The assumption is that of all adults from 18 through 64, 
22% are from 18-25 and 78% are from 26-64. 

*Less than 0.5%. 



A further assumption is needed regarding the percentage of people who 
abuse drugs on the job. In a study by Chambers (1971) conducted in New 
York, 27% of the regular marijuana abusers (which is comparable to the 
past month prevalence group for the present case) reported some use 
during working hours and 15% of the regular abusers of minor 
tranquilizers reported taking these drugs while at work. Since marijuana 
abuse accounts, by far, for most of the drug abuse, we will assume that 
25% of drug abusers in general (i.e., drug unspecified) have abused their 
drug at least once at work (i.e., either took the drug on the job or took 
the drug prior to going to work so that they are still under the effect 
of the drug at work). Therefore, applied to the figures presented in the 
preceding paragraph, this means that: (a) from 8.9% to 14.9% of young 
adults have abused drugs on the job; (b) from 1.5% to 2.0% of older 
adults have abused drugs on the job; and (c) from 3% to 5% of the total 
adult population have abused drugs on the job. 

4.3 Nuclear licensee Survey Findings for Drug Abuse 

One of the major purposes of this study was to estimate the nature, 
prevalence, and trends of drug and alcohol abuse in the nuclear utility 
industry. Because no industry-specific data were available, we attempted 
to collect such data from nuclear utility representatives over the 
telephone. Forty licensees were selected to be included in the telephone 
survey. The plants were chosen from currently operating nuclear power 
plants with the following criteria in mind: {1) each utility with at 
least one operating plant would be included; and (2) for utilities with 
more than one operating plant, the most representative plant would be 
selected (considering number of units, size, type of plant, and plant 
age). Plant representatives were initially contacted by phone to 
identify the appropriate person on site to interview. The interview 
protocol used to conduct the interviews appears in Appendix A. Of the 40 
plants contacted, partial interviews were completed with only eight 
licensees.* 

Despite the low response rate, some useful information was gained from 
the telephone discussions. Seven of the respondents• plants had an 
employee assistance program. These programs were staffed on a part-time 
basis. Most programs were two years old or less, and the majority were 
involved in performance evaluations--an approach typical of recently 

*When it was clear that telephone contact with the utility 
representatives would yield little data, the sponsor was informed 
(ll/4/82) and three strategies were outlined: (l) attempt to obtain 
industry support for the survey through contacts with industry groups; 
(2) send a letter from the NRC requesting utility cooperation; and 
(3) emphasize obtaining relevant information from employee assistance 
programs in the Puget Sound area. All three strategies have been 
pursued. Two industry groups declined to provide any endorsement; 
however, information is expected to be shared from a similar survey 
undertaken by one of the groups. 
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developed employee assistance programs (Wrich, 1980). In general~ 
however, the utilities kept very little information on program use by 
employees. Therefore, respondents were unable to supply details of 
program use and types of problems experienced by employees. Thus, a 
large number of questions in the interview protocol typically went 
unanswered (e.g., Item l(h) in Appendix A). 

Likewise, many respondents were unable to estimate the extent of drug 
abuse in their plants. Half of the respondents indicated having seen no 
evidence of drug abuse. Two of them reported not knowing what the drug 
abuse problem might be. Two included drug abuse in their estimates of 
alcohol-related problems, both of which were estimated as less than 1% of 
the plant personnel. While four of the respondents could not estimate 
whether drug abuse had increased, decreased, or remained unchanged since 
1977, three estimated that drug abuse had increased and one estimated 
that drug abuse had decreased in that period. 

4.4 Drug Abuse in Non-nuclear Industries 

As stated earlier, on-the-job drug abuse has been recognized as a problem 
in industry for at least 10 years. Estimates used as a basis for 
establishing employee assistance programs in industry are that 10% to 12% 
of any workforce will need a program for some reason, and approximately 
1% need the program specifically for drug abuse problems (Smith, 1982). 

In order to get additional statistics for purposes of this study on 
personnel needing assistance for drug abuse purposes, organizations with 
established and successful employee assistance programs were identified 
and contacted. The organizations were identified by an expert in the 
field of employee assistance programs. Representatives of employee 
assistance programs from these organizations in the Seattle area were 
interviewed regarding the extent and nature of employee drug abuse 
problems. An initial phone contact was made to set up in-person 
interviews conducted by one of three Battelle interviewers. One employee 
assistance program representative refused to be interviewed due to a 
company policy prohibiting dissemination of information about employee 
drug and alcohol abuse. The fourteen organizations (see Appendix B) that 
were interviewed range in size from 1,500 to 100,000 employees, and most 
were engaged in some government-regulated work. 

The longevity of the employee assistance programs surveyed varied 
widely. In general, the larger corporations have offered employee 
assistance services the longest (e.g., one employee assistance program 
has been operating since 1945). Smaller organizations typically have 
initiated programs within the last five to seven years. 

Placement of programs within the companies• organizational structures 
also differs. Some programs are in medical or human resource 
departments, while others are free-standing departments that report to 
upper management. None of the programs are part of personnel 
departments. In several organizations, outside contractors provide 
treatment services, while other corporations support in-house staff. 
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Treatment services provided by the employee assistance programs range 
from evaluation and referrals only to comprehensive in-house programs, 
including long-term counselling, follow-up, and extensive management 
training and consultation. 

Based on the interviews, changes have occurred in the nature of the 
employees• drug and alcohol abuse problems. The interviewees reported 
that the majority (70% or more) of drug and alcohol abuse clients now 
present multiple drug and alcohol abuse problems, rather than just 
alcohol abuse problems. This is consistent with literature indicating a 
trend toward multiple drug abuse among the population in general 
(Carroll, Malloy, Hannigan, Santo, & Kendrick, 1977). 

An employee assistance program consultant in the Pacific Northwest, who 
works for five major corporations on the West Coast, explains this change 
in occupational drug and alcohol abuse in several ways. First, the youth 
of the 60•s and early 70•s drug culture have entered the workforce with 
their pre-existing drug abuse patterns and permissive attitudes towards 
drugs. Second, many of them began using drugs and alcohol at an earlier 
age than was common in the past, and so are developing abuse problems at 
an earlier age. Finally, more women are drinking now and using drugs 
more openly than was socially acceptable in the past. 

According to the interviews, the types of drugs abused by employees also 
have changed in the past ten years. Use of marijuana on the job first 
became a problem in the early 7Q•s, and marijuana has continued to be the 
primary drug of abuse to the present. For example, one respondent 
surveyed estimated that 70% of employees seen in their program smoke 
marijuana regularly. The representatives also reporte~hat abus~f 
physician-prescribed minor tranquilizers (e.g., Valium~ Librium~) is 
a companion issue to alcoholism in many cases and is frequent among all 
employee groups. 

Until 1979-1980, none of the employee assistance program personnel had 
been aware of a cocaine problem among employees. In the last two years, 
cocaine abuse on the job has increased in frequency. Individual habits 
are also becoming more serious, as evidenced by a concomitant increase in 
drug-related theft to support them. None of the representatives reported 
any cases of employee abuse of narcotics, such as heroin or opium. 

Table 3 shows the most commonly abused drugs, ranked by the five employee 
assistance program representatives out of fourteen who had this 
information available. Because most of the drugs taken for recreational 
purposes are illegal, few employees feel safe in disclosing drug abuse 
problems, in contrast to problems with alcohol. Interviewees indicated 
that about 4% of the employees seeking assistance do so because of a 
significant drug abuse problem. However, they estimate that the 
incidence of drug abuse may range from 7% to as high as 10% of those 
seeking help. All of the employee assistance program personnel 
interviewed believed that the number of employee drug abuse problems is 
underestimated by their caseload statistics. In response to evidence of 
on-the-job drug abuse, one major organization formally expanded its 
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Table 3 

Most Frequently Abused Drugs by Employees on the Job, 
Ranked in Order of the Most Common Problem (1) 

to the Least (3) 

Tl~e of Drug 
Minor Amj:'letamines 

Corporation Marijuana Tranqui 1 izers and Cocaine 

A 1 3 2 

B 2 1 3 

c 2 1 3 

D 2 1 3 

G 1 3 2 

Average Rank 1.6 1.8 2.6 
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program to include drug treatment three years ago. Representatives of 
several organizations attributed part of the increase to greater program 
emphasis on protecting confidentiality as well as increased incidence of 
drug abuse in the worker population. 

4.5 Summary and Conclusions 

General population surveys have found that marijuana is the drug most 
likely to be abused followed by cocaine and other central nervous system 
stimulants, central nervous system depressants (sedatives, minor 
tranquilizers, and analgesics), and hallucinogens. These findings were 
generally upheld by Seattle-area employee assistance program 
representatives, except for hallucinogens, which are rarely abused on the 
job. 

General population prevalence estimates are that from 12% to 20% of 
adults over 18 are currently abusing one or more drugs. Approximately 3% 
to 5% of all adults have abused drugs on the job at least once. Employee 
assistance program consultants estimate that approximately 1% of a 
workforce needs assistance program help specifically for on-the-job 
performance problems related to drug abuse. Seattle-area assistance 
program representatives estimated that from 4% to 10% of those who sought 
help from their program had significant drug abuse problems. This 
translated to less than 0.3% of the workforce actually seeking help from 
the assistance program for a drug abuse problem. 

A small sample of employee assistance program representatives estimated 
that there were few to no on-the-job drug abusers at their plants. 
However, there have been approximately 24 drug-related incidents at 
nuclear power plants over the past five years. Thus, some on-the-job 
drug abuse has been detected. 

Without corroborating estimates specific to the nuclear utility industry, 
a single estimate for drug abuse among nuclear utility industry personnel 
cannot be provided. The range of estimates, however, is suitable for 
making regulatory decisions regarding fitness for duty and access 
authorization. 
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5. IMPAIRING EFFECTS OF DRUG ABUSE ON JOB PERFORMANCE 

A major objective of this report is to examine the potential impairing 
effects of drug and alcohol abuse on job performance relevant to the 
nuclear industry. This section focuses on the effects of drug abuse on 
human performance. A link is made between human performance factors and 
job performance characteristics of the major job categories in the 
nuclear utility industry. Several groups of drug effects are presented, 
based on findings in the scientific literature. 

Although numerous drugs were discussed in Section 4., only four drug 
classifications, which are based on overall drug effects, are used in 
this chapter. These are general central nervous system (CNS) stimulants, 
general CNS depressants (sedatives}, hallucinogens, and marijuana. 
Though this four-group classification of drugs--stimulants, sedatives, 
hallucinogens, and marijuana--appears to omit many of the drugs discussed 
in the Executive Summary and Section 4., they can all be identified 
according to these groupings. For instance, cocaine, a drug of 
increasing popularity, is generally classified as a stimulant, though it 
also has local anesthetic effects. Other stimulants are amphetamines, 
variously known as 11Speed, 11 11 diet,'' or "pep" pills. Sedatives include 
barbiturates, minor tranquilizers, and hypnotics (i.e., sleeping pills). 
Hallucinogens include LSD, mescaline and PCP. 

As indicated in Section 4.4, marijuana, stimulants (in particular, 
cocaine), and sedatives (specifically, minor tranquilizers) are the drugs 
currently abused in the non-nuclear industries surveyed. A similar 
pattern (with the exception of inhalants) was found in the general 
population (see Table 2, Section 4.2). 

The available data for on-the-job drug abuse show that hallucinogens are 
(among) the least frequently used drug(s) (Chambers, 1971). They were 
not identified as a major drug of concern among the non-nuclear employee 
assistance representatives interviewed (see section 4.4). Hallucinogens, 
on the other hand, are among the drugs reported in the NRC incidence 
reports (Information Notice No. 82-05); they are also the third most 
frequently used drug among the general population. A possible 
explanation for the contradiction is that hallucinogens are a popular 
drug of abuse but that their effects do not lend themselves to on-the-job 
abuse. Brief consideration will be given to them since they have been 
identified in incidence reports; however, hallucinogens are not expected 
to constitute a significant on-the-job drug problem. 

5.1 Model of Human Performance 

The purpose of this section is to discuss the impairing effects of 
various drugs on human performance, in general, and their potential 
effects on performance in five nuclear utility job categories. In order 
to do this, we must first present a model of human performance that can 
be used as a framework for the discussion. While several models of human 
performance exist, the model selected for use in this report needed to 
meet two criteria. First, the model needed to be relatively simple, 
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since the research on the impairing effects on human performance of many 
drugs is scarce. Second, the model needed to be sensitive enough to 
allow some differentiation among the job categories. 

The model that we have chosen is based upon a widely-accepted 
trichotomized categorization of human performance developed by Fitts and 
Posner (1967), which includes sensory/perceptual performance, cognitive 
performance, and motor performance. However, we shall follow the lead of 
other researchers (e.g., NUREG/CR-1750) and add a fourth category-­
communicative performance. In the three-category model, communicative 
performance would be subsumed under cognitive performance or motor 
performance. However, since communicating with others requires a social 
interaction not required by cognitive or motor performance and is also 
important for many job categories, we felt that it should be included as 
a separate category. Thus, our model includes four types of performance: 

o Sensory/perceptual 

• Cognitive 

1 Motor 

• Communicative 

Sensory/perceptual performance involves the inputting of information 
from outside a person through the use of the senses. Examples of 
sensory/perceptual performance include scanning control room displays for 
parameter deviations and listening for auditory warning signals. 
Cognitive performance involves internal information processing, including 
storage and retrieval of information in short-term and long-term memory, 
information synthesis, and decision making. Examples of cognitive 
performance are following procedures and determining the cause of an 
emergency event. Motor performance is simply behavior--e.g., using a 
wrench or manipulating a valve control pushbutton. Communicative 
performance is defined as communication of a verbal nature. 

5.2 Nuclear Utility Job Categories as Related to 
the Model of Human Performance 

The purpose of this part is to discuss how the four-category human 
performance model corresponds to five nuclear utility job categories 
listed in the "1982 INPO Survey of Nuclear Related Occupational 
Employment in u.s. Electric Utilities .. (Institute of Nuclear Power 
Operations, 1982). These five job categories, which are major job 
categories in nuclear power plants, include: 

1 Managers 

• Scientists and engineers 

1 Licensed control room operators 
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• Non-licensed control room operators 

• Skilled craft workers (e.g., maintenance positions) 

Each of these five job categories is discussed below. 

5.2. 1 Managers 

Included in the job category 11 managers11 are firstline supervisors through 
executives. The job requirements for managers include planning, 
organizing, directing, and/or controlling the activities of others 
(Canpbell, Ounnette, Lawler & Weick, 1970; Labor Department Employment 
anQ Training Administration, 1977). Middle- to executive-level managers 
are involved primarily in activities requiring communicative (e.g., 
directing others, conferring with individuals) and cognitive (e.g., 
decisionmaking, planning, organizing) performance. Sensory/perceptual 
skills are needed to a lesser extent and only as aids to cognitive 
tasks. Within the category of managers, firstline supervisors also 
require communicative (e.g., training a new hire) and cognitive (e.g., 
analyzing work problems) skills. They may be involved more extensively 
in the activities of their subordinates than higher level managers and as 
such may be required to perform some sensory/perceptual and motor skills 
(e.g., a maintenance supervisor). However, the major characteristics of 
this job category are the communicative and cognitive skills. A summary 
of the skills required of managers, as related to the four categories of 
human performance, is shown in Table 4. 

5.2.2 Scientists and Engineers 

The second job category includes engineering positions and scientific 
positions (e.g., mathematician, computer scientist, chemist, physicist, 
biologist, and health physicist), as well as some technical and 
professional positions (e.g., chemistry technician, draftsman, quality 
assurance/control technician, and radiation protection technician). This 
category encompasses a wide range of jobs, each requiring some unique 
skills. However, it is possible to generalize across these jobs; job 
activities for both engineering and scientific positions together have 
been described (e.g., Danielson, 1960). One area especially critical tor 
this job category is cognitive skills. These include conceptualizing, 
information synthesis, problem analysis, and decision making for 
planning/designing new or modified products or processes. To a lesser 
extent, sensory/perceptual performance (in conjunction with cognitive 
processes) is required of scientists. Motor skills are required only 
minimally, as they pertain to such things as the manipulation of 
equipment/instruments. Very little verbal communicative skill is 
essential for scientists except when discussing or reporting. A summary 
of the human performance skills for scientists is also shown in Table 4. 

5.2.3 Licensed Operators 

Several authors have made general statements about the major 
characteristics of the nuclear utility licensed control room operator's 
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Table 4 

Human Performance Requirements of 
Major Utility Jobs 

Skilled 
Managers Scientists Licensed Non-Licensed Craft 

& Engineers Operators Operators Workers 

Sensory/ 
Perceptual Low Medi urn High High Medium 

Cognitive High High High Medium Medium 

Motor Low Low Medium High High 

Corrrnun i cat i ve High Low High Medium Low 

Low = Job category requires low frequency of doing tasks in specified 
performance area. 

Medium = Job category requires medium frequency of doing tasks in 
specified performance area. 

High = Job category requires high frequency of doing tasks in specified 
performance area. 
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job (this job category includes not only currently licensed operators, 
but also senior operators, and shift supervisors who hold senior operator 
licenses). Jones and Eschenbrenner (1982) listed several general 
characteristics of the nuclear utility licensed operator•s job. Five of 
these are discussed below. 

The first characteristic is vigilance. That is, under routine operations 
at full power, for example, the operators spend long periods of time 
monitoring plant status from meters, recorders, displays, and readouts. 
Such monitoring requires sensory/perceptual skills and cognitive skills. 

The second characteristic is decisionmaking, a cognitive skill. The 
operators must diagnose and correct plant disturbances using a myriad of 
inputs (e.g., annunciators, control panel displays, and safety parameter 
display systems), detailed knowledge about plant systems and system 
interactions, and operating policies and procedures. 

A third characteristic of the licensed operator job deals with the 
distribution of the operator•s physical and mental workload over time. 
As implied above, during routine, full power operations, this job can 
become quite routine. However, the operator can undergo periods of high 
physical and cognitive workloads, such as during planned outages and 
while responding to an emergency event. High cognitive workload, 
especially during the response to an emergency event, can be increased by 
the complexity of control/display panel layout, which frequently is not 
yet optimized for human operation. 

A fourth characteristic of the operator•s job is the need for teamwork 
through communications with others. An operator must communicate with 
other licensed operators, auxiliary operators, maintenance personnel, and 
test and calibration personnel in order to coordinate activities. The 
licensed operator is one of the key communications people at the nuclear 
power plant. 

The fifth characteristic is data use. That is, voluminous amounts of 
data, in the form of procedures, piping and instrumentation diagrams, 
computer-generated graphics and printouts, equipment diagrams, etc., are 
used in order to carry out his/her job. This activity requires cognitive 
performance. 

Hodges' (1976) listing of operator (licensed) tasks includes some of the 
Jones and Eschenbrenner (1982) characteristics, but it also includes 
other task descriptions that are relevant to this discussion. First, 
Hodges (1976) notes that generally an operator•s work time is filled with 
routine and repetitive tasks that, taken in isolation, are not difficult 
to perform. Much of what an operator does is follow procedures 
(rule-based cognitive behavior). In order to follow the procedures, the 
operator must know how to use them correctly, be able to carry them out, 
and be willing to use them. While much of the operator•s tasks are 
routine, difficulties in performance arise when the operator must perform 
near simultaneous communications actions, troubleshooting actions, 
control actions designed to keep the reactor in a safe state, and data 
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collection actions. Again, these actions are required during times such 
as emergency events, and they involve all four types of human performance 
(sensory/perceptual, cognitive, communicative, and motor). In this case, 
the operator is required to carry out all four types of functions nearly 
simultaneously. 

Hodges (1976) also makes the point that the operator's job entails 
"coordinated manipulative tasks." These tasks involve, for example, 
frequent set point adjustments of automatic controls and manual control 
of valves, pumps, etc., during startups and shutdowns. This requires 
mainly perceptual and motor performance, although some cognitive 
performance is also needed. 

Finally, Hodges (1976) maintains that an operator must operate from a 
large knowledge base. That is, the operator must be " ..• a bit of a 
physicist, nuclear engineer, instrument engineer, and water chemist" 
(p. 7). This adds to the operator•s cognitive requirements. 

To summarize, the licensed operator•s job involves a significant reliance 
on sensory/perceptual and cognitive skills. Recognizing that 
communicative and motor skills also are key to the satisfactory 
performance of their job, operators are heavily reliant on the ability to 
scan instruments, sustain vigilance, follow procedures, diagnose and 
correct plant disturbances and draw on a broad data and knowledge base. 
Our assessment of the skills required of licensed operators as they 
pertain to the four-factor model of human performance is shown in Table 4. 

5.2.4 Non-licensed Operators 

The non-licensed operator job requires many of the same types of skills 
as the licensed operator job, but generally to a lesser extent. The 
non-licensed operator must perform sensory/perceptual tasks {e.g., 
monitor plant status from displays), cognitive tasks to a certain degree 
(the licensed operator usually plays a greater role in decision making}, 
motor tasks perhaps even more than the licensed operator (e.g.~ 
performing motor behaviors such as under the direction of a licensed 
operator), and communicative tasks somewhat (e.g., coordinating with 
other operators under the direction of a licensed operator). The 
required skills are shown in Table 4. 

5.2.5 Skilled Craft Workers 

Skilled craft workers is another job category used in the INPO survey. 
Nuclear utility employees who would fit into this category include 
technical and maintenance individuals, in general, and people such as 
nuclear utility instrument technicians, in particular. These positions 
would be in the areas of maintenance, repair, fuel and materials 
handling, and typically require extensive training and/or apprenticeship 
programs. 

An example of a specific skilled craft workers job in a nuclear utility 
is the job of instrument technician. The performance requirements of 
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this job, as described in the "Dictionary of Occupational Titles" {Labor 
Department Employment and Training Administration, 1977), include: 

• Inspects, tests, adjusts, and repairs electric, electronic, 
mechanical, and pneumatic instruments and systems •• 

• Removes defective instruments from system ••. and 
replaces defective parts using handtools. 

• Calibrates readings on instruments according to standards 
and adjusts phasing and aligns stages to insure accuracy of 
recording ••.• 

• Prepares schematic drawings, sketches, and reports to 
reflect changes or alternations made •• 

While the requirements of skilled craft workers• jobs no doubt differ 
depending on department and utility, there are some general requirements 
of individuals in these positions. These jobs often require the use of 
tools and/or equipment. This necessitates some sensory/perceptual skills 
to correctly go about doing the task. Moreover, motor skills are needed 
to handle the tools/equipment. Cognitive skills would be required 
especially when diagnosis of a problem is necessary. Communicative 
skills would be necessary only to the extent of discussing a problem with 
others. A summary of the job requirements of skilled craft workers, as 
related to the four-factor model of human performance, is also shown in 
Table 4. 

The following sections will briefly summarize the impairing effects and 
the major drug categories identified in Section 4.6. A more in-depth 
review of the impairing effects of these drugs is found in Appendix D. 

5.3 Marijuana 

As the most commonly used drug, other than alcohol, the effects of 
marijuana on human performance have received increasing attention in the 
scientific literature over the past ten years. Delta-9-
tetrahydrocannibol (THC) is the active ingredient in marijuana and in 
hashish, a marijuana-derivative made from resins in the female flowers of 
the Indian hemp plant, Cannabis sativa. Ingestion or inhalation of THC 
increases pulse rates and dilates the blood vessels in the eyes. 
Absorption from the lungs is rapid and complete, and peak blood 
concentrations occur 10 to 30 minutes after smoking a marijuana 
cigarette. Effects of the drug last typically for 2 to 3 hours (though 
some effects have been noted for up to 4 l/2 hours), but excretion of 
marijuana metabolites may require a week or longer. Marijuana use is not 
physiologically addicting, despite its legal classification as an 
addicting drug und~r the Controlled Substances Act. Some users have 
reported a psychological dependence on this drug, however, and tolerance 
to its psychological and physiological effects develops with repeated use. 
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Though the findings of the scientific literature are not entirely 
consistent, marijuana influences an individual•s ability to perform a 
number of sensory/perceptual skills. Decreased hearing ability as well 
as a decreased ability to either recognize or process visual stimuli is 
reported. Also, evidence points to a reduced ability to sustain 
attention in a vigilance task. 

Marijuana intoxication is associated with significant motor performance 
decrements on a variety of reaction time, motor steadiness, manual 
dexterity, and eye-hand coordination tasks. In some instances these 
decrements continue for as long as four and one-half hours after 
ingestion of the marijuana. Practice of the motor skills involved in 
reaction time for complex tasks may reduce performance decrements. 

The effects of marijuana on cognitive tasks are not readily understood. 
In general, however, marijuana intoxication affects memory when the 
material to be recalled is learned in an intoxicated state. Numerical 
reasoning is significantly impaired; other forms of reasoning were not 
consistently affected by marijuana intoxication. No data are available 
on marijuana intoxication and decisionmaking. Several studies of 
interpersonal judgment suggest that social behavior is impaired by 
marijuana intoxication. 

The effects of marijuana on communication performance have not been 
studied. Communication, however, can be expected to be influenced to the 
extent that complex reaction time, memory, numerical reasoning, and 
social judgment are involved in the creation of specific verbal 
behavior. Chronic (i.e., long-term and frequent) abuse of marijuana does 
not appear to lead to the physical and psychological deterioration 
associated with chronic abuse of other drugs {e.g., stimulants, 
sedatives, and alcohol). 

Studies of the effects of marlJuana on performance when combined with 
other drugs have been limited to the combination of marijuana and 
alcohol. These studies have consistently shown that the effects of these 
two drugs are additive, so that any impairment found for either drug will 
also be found when both drugs are taken together. 

5.4 Stimulants 

The class of stimulant drugs includes the amphetamine family and 
cocaine. The amphetamines and cocaine are functionally similar. The 
major functional difference is one of intensity and duration of effect. 

The amphetamines have few legitimate medical uses. They are rarely 
prescribed for treatment of narcolepsy and petit mal epilepsy. 
Amphetamines are also prescribed for appetite suppression. However, the 
effect for a constant daily dose lasts only about two weeks, and appetite 
returns to normal unless the amphetamine dose is increased. Cocaine is 
used medically for local anesthesia and shrinkage of mucous membranes in 
surgery, although newer forms of anesthesia are typically substituted. 
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The effect of stimulants on human performance has been evaluated in the 
scientific literature; however, none of the experimental work reviewed 
was done with cocaine. Though there are few differences between cocaine 
and amphetamines, the conclusions drawn regarding performance effects of 
stimulants may differ from performance effects resulting from cocaine 
abuse. 

Vigilance performance, or the ability to attend to sensory input, has 
been improved in fatigued subjects given low doses of amphetamines. 
Motor performance is also affected by stimulants. Athletic performance 
{swimming, running, etc.) is improved significantly in nonfatigued 
subjects given doses of amphetamines. Tests of reaction time show 
fatigued and nonfatigued subjects react more rapidly on a variety of 
simple and complex tasks. The only adverse motor response seems to be 
evidence of fine tremors in unfatigued subjects. 

The effect of stimulants on cognitive performance is less 
straightforward. In general, simple cognitive performance has been noted 
to improve in subjects given stimulants. Limited evidence exists to 
indicate that more complex cognitive performances are unaffected by 
stimulants. No enhancement of short-term memory skills has been found 
and amphetamines have been found to have no effect on performance tests 
requiring higher level cognitive functioning such as is used in 
calculus. Most of the positive effects of amphetamines on cognitive 
performance are generally attributed to the drug's ability to enhance 
attention and alleviate boredom on simpler repetitive tasks rather than 
enhance thinking and judgment in complex cognitive tasks. Stimulants 
increase the amount of talking in a social situation. 

The effects of chronic use of stimulants are several. Tolerance develops 
quickly (approximately two to four weeks if used daily) and therefore 
increasing doses must be administered to achieve the same behavioral 
effects. Tolerance is thought not to occur, however, with cocaine {Van 
Dyke & Byck, 1982). Sleep disturbances occur with stimulant abuse; 
prolonged abuse also leads to physical damage, massive depression when 
the effects wear off {suggestive of physiological withdrawal), compulsive 
repetitive behavior and paranoid psychosis that is indistinguishable from 
naturally occurring psychotic disorders. 

5.5 Sedatives 

The sedatives are the most commonly physician-prescribed drugs, and 
although they differ somewhat in chemical composition and site of action 
in the body, all drugs in this class are central nervous system 
depressants. Familiar sedatives are the barbiturates, the anxiolytics or 
minor tranquilizers, ethanol, and the general anaesthetics. At low 
doses, all of these drugs are capable of producing behavioral 
disinhibition and euphoria. At higher doses, each of them produces 
drowsiness, and can induce unconsciousness if taken in sufficient amounts 
(Julien, 1981). 
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The drugs in this class which are most likely to be used by employed 
individuals are the minor tranquilizers, the barbiturates, and alcohol. 
The effects of alcohol on human performance are discussed in Section 7. 
The action and effects of the minor tranquilizers and the barbiturates 
are described below. 

5.5.1 Anxiolytics 

Included in the minor tranquilizers are the benzodiazepines and the 
dicarbamate derivatives. There are over 2,000 benzodiaze~ne compounds; 
the ones most commonly prescribed are diazepam (11 Valium" ~~ 
chlordiazepoxide ("Librium11 @), and flurMepam (11 Dalmane" ). Among 
the dicarbamates, meprobamate (11 Miltown 11 QY or "Equanil" ® is the most 
widely prescribed. For the purposes of the following discussion, all of 
these will be referred to as minor tranquilizers or by commonly known 
brand names. These drugs are effective in the treatment of tension, 
anxiety, and psychosomatic disorders. They are also used for tre~ment 
of alcoholism and phobic states (Gaston & Walker, 1981). ValiumQY is 
prescribed for symptomatic relief of anxiety and tension, alleviation of 
the symptoms of acute alcohol withdrawal, relief of muscle spasms, 
treatment of convulsive disorders, alleviation of pre-surgical anxiety, 
and as a hypnotic (sleeping pill). 

The effects of the minor tranquilizers on sensory functioning have not 
been extensively investigated. Findings suggest that minor tranquilizers 
produce some visual and auditory disruptions. Vigilance performance is 
impaired to a greater extent than visual and auditory performance. When 
minor tranquilizers are chronically used at low doses, no changes in 
either speed of reaction or number of response errors have been found. 
Standard or low doses do not appear to significantly impair most motor 
performance. Speed of physical movement is not affected by low doses of 
minor tranquilizers. Tests of eye-hand coordination have also shown no 
minor tranquilizer-induced performance decrement. 

Significant Valium QY effects on simulated driving performance, however, 
have been found. Drugged subjects drove faster, neglected instructions 
more frequently, and caused more collisions than did subjects given a 
placebo, but evidenced no decrease in their ability to stay on the road. 

Minor tranquilizers appear to have their greatest effects on learning 
and, to some extent, memory. Substantial evidence exists to suggest that 
tranquilizers impair learning, but do not interfere with the ability to 
retrieve information from memory once it has been stored. 

5.5.2 Barbiturates 

Although barbiturates and minor tranquilizers are chemically dissimilar, 
most of the effects of typically prescribed doses of barbiturates on 
human performance are highly similar to the effects of larger doses of 
minor tranquilizers. The primary medical uses of barbiturates are to 
produce sedation or sleep and to prevent epileptic seizures. At typical 
doses, the barbiturates depress the transmission of nerve impulses across 
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the synapses in the arousal centers of the brain. At larger doses, all 
neurons in the body are affected and activity in the muscles, heart, and 
other organs of the body is decreased. 

Barbiturates impair the ability to sustain attention. Results of several 
studies indicate that the number of errors subjects make on vigilance 
tasks is increased when they are drugged. Unlike the minor 
tranquilizers, typical doses of barbiturates slow reaction times. As 
found with the minor tranquilizers, the effects of barbiturates on 
psychomotor performance depend upon the dose. At the dose levels 
prescribed by physicians, simple motor performance is not noticeably 
affected (e.g., finger or toe tapping), but is impaired when the dose 
level is increased. More complex tests of psychomotor performance, 
however, show barbiturate induced performance decrements at therapeutic 
dose levels. Performance on tests of eye-hand coordination is impaired 
with barbiturates. 

Studies of the effects of barbiturates on cognitive abilities indicate 
that the barbiturates have a much greater effect on cognitive abilities 
at typical dose levels than do the minor tranquilizers. Memory, 
learning, and reasoning abilities have all been shown to be impaired by 
barbiturate use. Barbiturates also affect communicative skills. Persons 
who have been given typical doses of barbiturates both speak less in a 
social situation and speak slower than persons given a placebo. 

5.5.3 Interactive Effects of Sedatives 

To examine the interactive effects of sedatives, some further discussion 
of the effects of sedatives on the central nervous system is useful. 
Their effects are dose-dependent, with a progression with increasing dose 
as follows: anxiety reduction ~ disinhibition -----. sedation ->­
hypnosis (sleep) ~ general anesthesia ~ coma ~ death (Julien, 
1981). They are most effective when their use is time-limited (i.e., 
used for 1 to 8 weeks and then stopped until symptoms recur) (Julien, 
1981). Nonetheless, it has be~ estimated that two million persons in 
the United States take Valium QYcontinuously (Jick, 1974, cited in 
L innoila, 1976). 

When combined with other central nervous system depressants such as 
alcohol or other drugs within the class of sedatives, sedatives are 
referred to as having "potentiating" effects rather than being simply 
additive as with marijuana and alcohol. The significance of the 
potentiating interaction of sedatives has greatest bearing on multiple 
substance abuse. For example, the individual who has a standard dose of 
a sedative and then a drink or two at lunch will experience an effect 
that is greater than the simple addition of one unit of effect due to the 
sedative, plus two units of effect due to the alcohol. _....!The 
unpredictability of one sedative in particular, ValiumQY has been noted; 
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the interactive effects are so unpredictable that the combination of one 
drink and one standard dose has been known to cause death.*) 
Performance decrements due to sedative interaction effects have not been 
covered in the scientific literature. It is likely, however, that the 
effects on performance noted above would become more severe when two 
different sedatives are taken together. Also, the course of events 
outlined above clearly suggests that attention and learning would be 
significantly impaired with increasing doses of sedatives as individuals 
progress toward a hypnotic condition. 

5.5.4 Sunrnary 

To summarize, sedatives when taken at standard dose levels are found to 
produce the following effects: 

1 Performance decrements due to sedative ingestion have been 
found for perceptual/sensory tasks; auditory and visual 
capacity is less sensitive to input; however, the most 
pronounced effect found is for performance decrements in 
sustaining attention and concentrating on tasks requiring 
vigilance. 

1 Some types of motor performance are affected by sedatives 
(i.e., choice reaction time) but performance decrements 
disappear when sedatives are chronically used; other motor 
skills such as eye-hand coordination, complex driving 
tasks, etc., show no decrements due to low doses of minor 
tranquilizers, but are impaired by barbiturates. 

1 Cognitive performance, in particular the learning of new 
material, is impaired; when learning occurs in a sedated 
state, subjects show significant impairment in their 
ability to evidence the learning and to retrieve or recall 
the information at a later point in time. 

1 Corrvnunicative skills are not likely to be adversely 
affected by low doses of minor tranquilizers, but are 
impaired due to barbiturates. 

5.6 Hallucinogens 

Hallucinogens consist of a variety of drugs that distort sensory 
perceptions, thought processes, and behavior. It is thought that these 
drugs operate on, and highly resemble, naturally occurring chemicals in 
the brain (Julien, 1981). It is expected that this class of drugs will 
be used on the job only rarely; consequently, the review of their effects 
on performance is limited in scope and detail. 

*Rose, Mitchell. Lecture given for Association for Advanced Training 
in the Behavioral Sciences, Los Angeles, California, March 1982. 

34 



Four groups of hallucinogens have been identified on the basis of their 
effect on particular chemical substances within the brain. The first of 
these, the ••anticholinergics•• (e.g., atropine, scopolamine, malathion) 
are highly toxic and produce severe side effects. Many insecticides such 
as malathion are rarely used except by seriously debilitated drug 
abusers. Consequently, they are not addressed here, since few of the 
abusers are likely to be employed. 

The second group of hallucinogens, the catechols, includes peyote, 
mescaline, and synthetic mescaline agents such as MDA and MMDA. The most 
pronounced effects associated with the use of these substances are the 
marked distortions in perception of light, color, space, and shapes. 
Users are typically alert and give no evidence of memory loss. Ingestion 
of large doses (i.e., 200 to 500 mg. for mescaline), however, may lead to 
severe muscle spasms (Julien, 1981). 

Third, the indole group consists of LSD, psilocybin, and morning glory 
seeds (ololiuqui). While users seldom experience serious physical 
effects, they frequently encounter dramatic changes in mood and sensory 
perception (Gaston & Walker, 1981). Actual effects are apt to vary, 
depending on the user's expectations, amount of drug ingested, 
personality, and setting. In general, effects include an altered sense 
of time, space, touch, color, and blurred vision and hearing. With 
higher doses (i.e., 5 to 15 mg. for psilocybin and 200 to 500 mg. for 
LSD), one experiences mood fluctuations (euphoria, fear, hostility), 
problems in speaking clearly, visual hallucinations, confusion, and 
impairment of thought processes. A decline in motor function and 
increased sleepiness are also linked with psilocybin use. Although rare 
and unpredictable, flashbacks may occur up to one year after use of LSD. 

Finally, use of the hallucinatory anaesthetics (the most common being 
PCP) is linked with general confusion, spatial disorientation, 
aggressiveness~ and feelings that one has great physical strength or that 
one is about to die (Gaston & Walker, 1981). The user may experience 
trouble breathing and, at higher doses, become unconscious. There is, in 
addition, little sense of pain. Although long-term and behavioral 
effects are quite unpredictable, the anaesthetics are considered to be 
the most dangerous of hallucinogens, possibly resulting in permanent 
brain damage. 

Overall, the occasional use of hallucinogens has not been shown to result 
in physical addiction, chromosomal damage, anti-social behavior, or 
long-term psychological disorientation (Gaston & Walker, 1981). Use of 
hallucinogens on the job, however, presents a severe safety danger and 
would preclude effective job performance for any employee. 

5.7 Effect on the Nuclear Industry 

The effects of the drugs reviewed in the preceding sections (5.3, 5.4, 
5.5, and 5.6) on the four factor model of human performance will be 
summarized in this section. These effects will then be related to the 
rating of each of the performance factors for the five major job 
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categories. Implications will be drawn for possible effects on personnel 
in the nuclear industry. 

The impairing effects of marijuana on human performance have greatest 
impact on motor skills (slowed reaction time, reduced motor steadiness 
and manual dexterity) and aspects of cognitive functioning (impaired 
ability to recall material learned while intoxicated, impaired numerical 
reasoning, and impaired social judgment). Other performance categories 
affected include sensory/perceptual as marijuana reduces vigilance 
capabilities. 

The effects of marijuana last for two to three hours after intake; for 
some measures of motor performance decrements have been noted for as long 
as four and one-half hours. Though no effects have been noted for 
chronic use of marijuana, the effects for any given social dose, if 
ingested or smoked prior to work, could clearly last long enough to 
produce on-the-job performance decrements. 

Stimulants have a generally positive effect on human performance, 
particularly motor performance in fatigued subjects. The real risks from 
stimulants occur from chronic abuse. The performance effects of chronic 
sleep loss, followed by periodic 11 Crashes,•• are obvious in terms of 
employee productivity and quality of work. 

Sedatives, both minor tranquilizers and barbiturates, have fairly 
wide-ranging effects. All four human performance categories are 
negatively affected. The sensory/perceptual abilities affected by 
sedatives are visual acuity, the ability to track moving objects, the 
ability to sustain vigilance, and the ability to identify or detect 
signals. Furthermore, barbiturates cause a tendency to react to signals 
that do not exist. The primary motor skills that are affected are 
reaction time, which lengthens, and eye-hand coordination, which is 
reduced. Cognitive ability is significantly affected, particularly by 
barbiturates. Short-term memory ability is generally impaired; learning 
is affected by the inability to store new information (and do it 
accurately). Finally, proble~solving ability is impaired. 
Communication skills are also affected as rate of speech is reduced 
significantly by the use of sedatives. 

Although hallucinogens are abused, they are not expected to be a 
significant problem for on-the-job use at nuclear power plants. They 
have substantial negative effects on sensory/perceptual, motor, and 
cognitive processes. No studies were available regarding their effect on 
communciation behavior, though it is likely that disorientation, 
confusion, and visual hallucinations occurring would also render 
communication abilities very impaired. 

In summary, the following impairments can be expected: 

1 Marijuana will impair motor and cogitive performance with a 
lesser influence on sensory/perceptual performance. 
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1 Stimulants will increase motor and cognitive performance; 
they will impair performance if chronically abused. 

• Sedatives will impair all areas of human performance. 

• Hallucinogens will impair all areas of human performance. 

Which job categories will these drugs negatively affect? Before briefly 
summarizing this information, it is important to reconsider what 
percentage of power plant personnel might be affected by drug abuse. The 
estimates from Section 4. were that approximately 12% to 20% of the adult 
public are current drug abusers, approximately 3% to 5% of the adult 
public has abused a drug on the job at least once, approximately 1% of 
the workforce is significantly impacted by drug abuse so as to negatively 
affect performance, and approximately 0.3% or less of the Seattle-area 
workforce covered by employee assistance programs use such programs for 
drug abuse problems. 

Table 5 summarizes the estimated negative impacts from the impa1r1ng 
effects of the four drug categories on the five occupational categories 
relevant to the nuclear utility industry. These are global summary 
judgments based upon the performance requirements for the occupational 
categories and on the impairing effects of the drugs on the categories of 
performance. 

As can be seen from the table, marlJUana is expected to have a small 
negative impact on the job performance of scientists and engineers, a 
medium negative impact on managers and skilled craft workers, and a large 
negative impact on licensed operators and non-licensed operators. 
Stimulants are expected to have a nonexistent to small negative impact on 
all job categories if used in small doses. Sedatives are expected to 
have a medium negative impact on the job performance of managers and of 
scientists and engineers and a large negative impact on licensed 
operators, non-licensed operators, and skilled craft workers. 
Hallucinogens are expected to have a large negative impact on job 
performance in all five occupational categories. 
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Table 5 

Estimated Impact of the Impairing Effects of Four Types of Drugs 
on Job Performance for Five Occupational Categoriesa 

Drug Categories 

Marijuana Stimulants Sedatives Hallucinogens 

Managers Nonexistent 
Medium to Small Medium Large 

Scientists Nonexistent 
& Engineers Small to Small Medium Large 

Licensed Nonexistent 
Operators Large to Small Large Large 

Non-1 icensed Nonexistent 
Operators Large to Small Large Large 

Skilled Craft Nonexistent 
Workers Medium to Small Large Large 

aRefers to the effects of short-term drug use at low dose levels. 
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6. NATURE, PREVALENCE, AND TRENDS OF ALCOHOL ABUSE 
IN EMPLOYED POPULATIONS 

Alcohol abuse prevalence can be established by several techniques. One 
approach is to base the estimates on the incidence of alcoholism in the 
general population. A second approach is to survey a population similar 
to the group of interest and use the results as an indicator of expected 
rates. A third approach is to sample a specific population directly to 
determine the prevalence. This last technique is preferred, since it 
increases the accuracy of expected rates. All three approaches were used 
in this research. The results are presented in the following sections. 

6.1 Factors Influencing Alcohol Abuse Patterns 

As is the case for drug abuse, alcohol abuse prevalence is related to 
several demographic variables. The relationship of alcohol abuse to the 
most important demographic variables is briefly discussed in this 
section. These data are taken from Cahalan et al. (1969) and are 
therefore based on a 1964-1965 national probability sample of 2,746 
adults that is representative of the total population of persons aged 21 
years or older living in households in the contiguous U.S. 

Unfortunately, Cahalan et al. (1969) analyzed their results on a 
quantity-frequency-variability measure and not on our definition of a 
problem drinker. They combined their quantity-frequency-variability 
measures to define a "heavy drinker." While one could be classified into 
the heavy drinker category in several ways, the minimum alcohol intake 
for a heavy drinker was five to six drinks at a setting two to three 
times a month. Using this definition, 12% of the sample were classified 
as heavy drinkers. 

Men and women differ greatly in the proportion that are heavy drinkers. 
While only 5% of the women were found to be heavy drinkers, 21% of the 
men were classified as such. Age also was related to drinking 
practices. Cahalan et al. (1969) found that approximately 15% of those 
from 21 to 49 were heavy drinkers, while 10% from 50 to 59 were heavy 
drinkers and only 6% of those 60 or older were heavy drinkers. 

Family income was also related to drinking habits. Low income 
respondents were least likely to be heavy drinkers, while middle and 
upper income respondents were equally likely to be heavy drinkers. 
Education was also related to heavy drinking. Approximately 14% of those 
who had completed high school and 15% of those who had some college 
education were heavy drinkers, while those with more education or less 
education were less likely to be heavy drinkers. 

Region of the country and community size were also related to drinking 
practices. Residents of the Middle Atlantic states were most likely to 
be heavy drinkers (19%) followed by residents of New England (15%) and 
the Pacific states (15%). Residents from cities over one million 
population were most likely to be heavy drinkers (18%) while residents 
from farms or small towns were least likely to be heavy drinkers (5% 
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to 8%). Occupation is also related to drinking patterns. This 
relationship is discussed in much greater detail in the next section. 

6.2 Alcohol Abuse Prevalence Rates in the General Population 

The rates of alcoholism in the general population have generally been 
estimated in the past using the Jellinek (1960) formula. This formula 
predicts the number of alcoholics in a population based on estimates of 
the number of people who died from cirrhosis of the liver due to 
alcoholism. In 1948, Jellinek estimated that four million Americans were 
suffering from alcoholism using his definition. In 1965, the estimate 
was just over five million (Milt, 1974). While Jellinek's formula does 
permit for some variations in the estimates of alcoholism prevalence due 
to local variation in deaths from cirrhosis of the liver attributable to 
alcoholism, it essentially predicts that roughly 5% of a general adult 
population will be alcoholic. 

However, there are some problems with the notion of estimating the 
prevalence of alcohol abuse based on Jellinek•s approach. The formula 
does not allow for age, sex, and occupational differences in the 
population, all of which are known to be factors affecting the prevalence 
of alcohol abuse (Cahalan, 1970). Its lack of sensitivity to the effect 
of these factors and its underestimation of alcohol abuse by only basing 
its estimates on a single disease indicator, cirrhosis of the liver, have 
led to the more widely accepted use of the Marden formula. 

The Marden formula was developed by Parker Marden (1980) based on 
national survey data collected by Cahalan and his associates (Cahalan 
et al., 1969; Cahalan, 1970). The original Cahalan national survey on 
American drinking practices was carried out in 1964-1965 on a sample of 
2,746 adults. Subsequently, a follow-up interview was conducted in 1967 
on a subsample of 1,359 persons who had been interviewed on the original 
survey. In essence, Marden reanalyzed the Cahalan data, calculated a 
problem drinking score for each respondent based on 58 alcohol-related 
questions in the survey, chose a cut-off of seven affirmative answers or 
more out of the 58 items, and labeled those with a score of seven or more 
as problem drinkers. Thus, Marden•s (1980) definition of problem 
drinking is the same as our definition of alcohol abuse and is directly 
relevant to this analysis. 

The Marden formula has been recommended by the National Institute of 
Alcohol Abuse and Alcoholism (NIAAA) as the preferred method for 
estimating prevalence and the need for treatment in a given general 
population (State of Washington, Department of Social and Health 
Services, 1977). While the Marden formula is currently the best 
available method for estimating alcohol abuse prevalence, several issues 
should be kept in mind with regard to use of the formula. First, the 
data were collected on a random sample of adult, U.S. household 
residents. Thus, the formula is meant to be used on somewhat comparable 
populations. It would not be a useful prediction formula, for example, 
on an indigent population. Direct application of the formula to nuclear 
industry personnel could also present such problems, since, without other 
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data, there is no acceptable statistical method for estimating the errors 
of these estimates. It is difficult to tell whether the formula would 
underestimate, overestimate, or correctly estimate the alcohol abuse 
prevalence in this specific industry. 

Second, the formula is based on a composite score from 58 items. 
There are no reliability indices reported for the score. In addition, 
there was no external criterion validity applied to the final score. 
That is, a person with a score of seven or more was, prima facie, 
considered to be an alcohol abuser and some external criterion, such as 
the spouse•s report of alcohol-related problems, was not used as a 
validity check. 

Third, the probabilities calculated for specific subgroups of the 
population were often based on a small sample size (N). Table 6 
indicates that the probabilities for alcohol abuse based on sex and age 
were based on sample sizes that ranged from 140 people to 345 people. 
The sample sizes were much smaller for the probabilities for alcohol 
abuse among men based on age and occupation. While the exact N•s for 
each cell in Table 7 are not available, data provided in Cahalan et al. 
(1969) suggest, for example, that there were approximately 68 men who 
were in the sales worker occupational category. Assuming an equal 
distribution of male sales workers across the five age categories, this 
means that the probabilities for a given age category within the sales 
worker occupational category are based on approximately 14 people. The 
smaller the sample size is, the larger the error of the probability 
estimate. Thus, for example, there would be more error associated with 
the estimates provided in Table 7 than for the estimates in Table 6. 

For the U.S. population as a whole, the Marden formula predicts that 
about 11% of the adult population from 20 through 69 has alcohol abuse 
problems. A finer breakdown of problem drinking, based on sex and age, 
is presented in Table 6. The table indicates that the 11% problem 
drinking figure for the adult population is composed of an average of 17% 
problem drinking prevalence for men and 4% problem drinking prevalence 
for women. There are also obvious age differences. The highest 
prevalence for problem drinking of 13.4% is in the 20-29 age group. 
However, this is due to the prevalence for men, since 24.8% of the men in 
this age group are problem drinkers. For women, the highest prevalence 
for problem drinking of 7.9% is in the 30-39 age group. In general, the 
prevalence of problem drinking drops off after age 49. 

The Marden formula prevalence estimates for men are also available as a 
function of age and occupation (see Table 7). Unfortunately, analogous 
data are not available for women since the original survey asked for the 
occupation of the male head of household and not for the occupation of 
the respondent. As shown in Table 7, the highest prevalence of alcohol 
abuse--approximately 22%--is found for four occupational categories-­
operatives, transport workers, laborers, and farm laborers and foremen. 
The lowest prevalence of alcohol abuse--approximately 10%--is found for 
the professional/technical category. 
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Age 

20-29 

30-39 

40-49 

50-59 

60-69 

Average 
(Total N) 

Table 6 

Marden Formula Probabilities for Alcohol Abuse 
Based on Sex and Age 

Sex 

Male N 

.248 216 

• 164 242 

.174 264 

• 127 197 

.116 140 

• 170 ( 1.059) 

Female 

.020 

.079 

.068 

.019 

.012 

.044 

N 

256 

345 

333 

265 

195 

(1,394) 

Average a 

.134 

• 122 

. 121 

.073 

.064 

• 107 

3More women were sampled than men in the survey. However, the 
distribution of men and women in the population is nearly 50-50. Thus, 
the averages provided in the column assume an equal sex distribution. 
However, the average probability of alcohol abuse for men and for women 
is age-weighted. 
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Table 7 

Marden Formula Probabilities for Alcohol Abuse Among Men 
Based on Age and Occupation 

Occupation 
Age 

20-29 30-39 40-49 50-59 60-69 

Professional/technical • 111 • 151 .113 .089 .042 

Manager/administrator .250 .250 • 122 . 127 • 171 

Sales workers .261 • 136 .097 .078 .053 

Clerical workers .261 .136 .097 .078 .053 

Craftsmen .250 • 146 .280 .177 • 179 

Operatives .379 .113 .250 .292 .067 

Transport workers .379 .113 .250 .292 .067 

Laborers (except farm) .248 .450 .080 .118 .200 

Farmers & farm managers .261 • 136 .097 .078 .053 

Farm laborers & foremen .379 • 113 .250 .292 .067 

Service workers .261 • 136 .097 .078 .053 

Unemployed .248 • 164 • 174 • 127 .116 

3Assumes equal age distribution across occupational categories, since 
by occupation frequency counts are not available. 
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• 101 

• 184 

• 125 

• 125 

.206 

.220 

.220 

.219 

• 125 

.220 

• 125 

. 166 

the age 



In order to make the occupational data relevant to the nuclear utility 
industry, the major occupations in the industry were determined using the 
INPO (1982) survey of nuclear power plant occupations. The INPO survey 
did not analyze the number and kind of clerical and administrative 
staff. The relationship of the nuclear-related jobs to the occupational 
categories used in the Marden formula is presented in Table 8. 

Our nuclear power plant job titles were taken from the 1982 INPO survey 
of on-site nuclear-related employment at member utilities. Each job 
title was assigned to a Marden occupational category. Because the 
occupational categories specific to the nuclear industry were sometimes 
not listed in the census occupational category breakdown, the category 
assignment in Table 8 was based on the similarity of the nuclear-related 
occupation to listed occupation. Thus, some errors in occupational 
assignment in Table 8 are possible. Also, managers and administrators at 
nuclear plants were placed in the manager and administration category in 
Table 8 even though many of these personnel may have a professional or 
technical background. Where these personnel are placed would affect the 
alcohol abuse prevalence estimates for them. 

6.3 Nuclear Licensee Survey Findings on Alcohol Abuse* 

Respondents were hesitant to estimate the extent of alcohol-related 
problems in their plants. However, six of the eight respondents gave 
estimates of the alcohol abuse prevalence at their plants, based on 
personal observations. Five of the six indicated that 3% or less of the 
employee population had alcohol problems; one felt that as many as 9% of 
the plant 1 S workforce were affected. 

As noted in Section 4.4, in general neither the utilities nor the 
respondents kept detailed records of employee assistance program use. 
Therefore, respondents were unable to provide details of employee use of 
employee assistance programs or problems seen by employee assistance 
programs. However, seven of the eight respondents answered the question, 
11 ln your best judgment, has alcohol use increased or decreased since 
1977?" Four of these said there had been 11 no change11 in alcohol use 
during that period, two said alcohol use had increased, and one noted a 
decrease in alcohol use. 

6.4 Alcohol Abuse in Non-nuclear Industries 

All employee assistance program representatives surveyed reported that 
alcohol abuse is the single most common problem presented by employees 
seeking assistance from their programs. They concurred that at a minimum 
10% of those employed have alcohol abuse problems. An average of 50-60% 
of all new cases handled by the employee assistance programs each year 
are related to alcohol abuse (see Table 9). 

*The survey is discussed in more detail in Section 4.3, above. 
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u.s. Census 
OCcupational 
C•tegory 

Managers lo 
Adnllnlstrators, 
Exc;ept Farm 

Professional, 
Technl<:~l .C. 
Kindred workers 

Craftsaen lo 
Klnd,..d W0rktr5 

Tlblt 8 

Tilt A.thtlonshlp of lluclur Power Phnt Job C1tegorln to the 
occuo1tlonal Categorlu Used In the Mardtn Fon~~uh 

Mf.rden 
Esttn~ate 
From General 
Population 

18.41 

10.11 

20.61 

U.S. Census 
occupational 
Subcategory 

fo!anager~ It Ad'"lnhtrttors, 
n.e.c., Sallrled: 

c.-micatlons and Utilities 
Stnitlry Services 
Services 

Engineers 

Life lo Physlul Scientists 

Teac;hers, College I. Unhersity 
Trade, lndustrhl It Tl!chnlcal 

Technicians, Except Health It 
Engineering It Science: 

Alr11hne Pilots 

Technichns, n.e.c,b 

Engineering I. SCience 
Technician$: 

Cht!nllcal 

Draftsmen 

Electrical lo Eledronlc 
Engineering 

lndustrhl Engineering 

Health Tethnologists 1o Techn1c;lans 
Cllnlc~l Laboratory 

Professional, Tec;hnlcal lo Kindred 
WOrkers--At located 

Construction Craftsmen: 
Eltctrlcl,ns 

Metal CraftS/lien, E>~cept 
Mec;han1cs 

Cr,ftsmen lo Kindred 
Workers--Allocated 

CorresponcHng Nuc;lear 
PPWtr P hnt Job 
Category1 

Manaqers lo Supervisors 

Shift Supervisors 

Engineers 

Shift Technical Advisors 

Scientists 

Training Personnel 

Oper1tors: 
Senior Llcenseil (SilO) 
Licensed (RO) 
Trainees for SRO Llc;enses 
Tr11nees for RO L lcensn 

Operators: 
lion-licensed Operators 

Assigned to Shift 
Other Non-licensed 

Operators 
Trainees for NPn­

llc;ensed Positions 

Tethnlc;al & Maintenance 
Personnel: 

Chemlstry Technicians 

lnstr~~~~tnt .C. Control 
Tec;hnlc;lans 

Quality Assurance/ 
Control Technicians 

Radiation Protedlon 
Technicians 

A 11 Other Profess lona 1 
Workers 

Other Tec;hnlcal Personnel 

Tethnlcal lo Maintenance 
PerlOooel: 

Electrlcllns 

Technical lo Maintenance 
Personnel: 

Hethan 1cs 

Tec;hnlc;al I. ~alntenance 
Personne 1: 

Welders with Nuclear 
Certlfle~tion 

Technlc;al 1o Maintenance 
Personnel: 

Other Technical lo 
Maintenance Personnel 

•Taken from the !NPO (1982) occ;upatlonal survey of the nuclear Industry. 

b•n.e.c .. • means •not ehewhere chss1fied." 
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On-Site 
Nut lear· 
Rehted 
E~RP1oyment 1 

3,331 

616 

2,972 

l\4 

472 

765 

168 
864 
473 
811 

2,044 

149 

441 

'" 
77 

2,012 

544 

1,507 

"' 
"' 

1,398 

3,190 

334 

2,338 



Year 

1977 

1978 

1979 

1980 

1981 

1982 

Table 9 

Employees Reporting Drug-Alcohol Problems 
Over Past Five Years in Selected 

Sample of Industries 

Tot a 1 New Cases 
out of % Multiple 

Total Employed % Drug %Alcohol Substance 

200/12,000 7% 70% 
120/4,000 5% 50% 

232/12,00D 3% 63% 
120/4,000 5% 50% 
530/100,000 2% 45% 
30/1,500 54% 

118/12,000 2% 58% 
120/4,000 5% 50% ·-59/l ,50D 52% 
116/13,000 100% 

173/12,000 2% 49% 
120/4,000 5% 50% 
74/1,500 62% 

122/13,000 100% 

260/12,000 .4% 47% 
120/4,000 5% 50% 

1,500/100,000 2% 45% 
85/1,500 29% 

121/13,000 100% 
720/8,500 

378/12,000 10% 50% 
120/4,000 5% 50% 
300/22,200 5% 65% 30% 

Not estimated. 

Corporation 
A to G 

A 
a• 

A 
8 
c 
D 

A 
B 
D 
E 

A 
B 
D 
E 

A 
B 
c 
0 
E 
F 

A 
B 
G 

aEstimates for Corporation B were made by the corporation's employee 
assistance program consultant and were constant from 1977 through 1982. 
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The nature of the employee assistance programs• caseloads has changed 
over the last ten years. Representatives of employee assistance programs 
that have been in existence for ten years or more reported that, 
formerly, middle-aged, male employees with severe alcohol problems were 
virtually the only type of referral received. Several factors may have 
influenced this early trend of referrals for alcoholism: first, only 
alcoholism treatment was offered; second, supervisor training focused on 
identifying symptoms of alcoholism with minimal relationship to job 
performance problems; and finally, only employees were eligible for 
services, with no assistance to the employee's family, who might be a 
part of the employee's problems. As could be expected under this 
structure, supervisors were reluctant to label an employee alcoholic and 
employees were reluctant to seek assistance, for fear of being labeled 
alcoholic. As a result, only those members of the workforce who reached 
advanced stages of alcoholism and remained visible on the job were 
referred for assistance, usually middle-aged male employees. 

A more recent "broadbrush" approach to coping with job performance 
problems by employee assistance programs changed the employee population 
seeking assistance. The broadbrush employee assistance program offers 
referrals for a variety of employee personal problems, including family 
and marital therapy, financial and vocational counselling, and assistance 
with health or legal problems, in addition to drug and alcohol abuse 
evaluations and referrals. Under the broadbrush approach, the employee 
assistance programs focus on declining job performance. Supervisors are 
trained to refer people on the basis of inappropriate work behavior only, 
rather than attempting to diagnose the cause of the employee's poor 
performance. Responsibility for a limited diagnosis and referral rests 
with the employee assistance program counsellor once the employee 
contacts the employee assistance program. Consequently, supervisors and 
employees are able to use the program without labeling the employee's 
problem as necessarily related to drug or alcohol abuse. 

The shift to a broadbrush approach led to a larger number of referrals, a 
greater diversity in the type of employee seeking assistance (e.g., more 
women and younger employees, more management-level employees), more 
self-referrals, and earlier identification of problem-drinkers. Although 
alcohol abuse is still at the root of employee job performance problems 
in 50-70% of the cases referred to the employee assistance programs, the 
employees receiving assistance for alcoholism now represent all levels 
and types of employees within the organization. It was emphasized by all 
that alcohol abuse problems are not unique to any one employee group; 
they occur with equal frequency among all employees, from top-level 
management down. These estimates of equal probability across 
occupational categories for alcohol abuse problems are not consistent 
with the estimates used by the Marden formula. 

In addition to changes in program approach, changes have occurred in the 
nature of the employees• drug and alcohol abuse problems. The employee 
assistance program representatives reported that the majority (70% or 
more) of their clients now present multiple alcohol/drug abuse problems, 
rather than just having an alcohol abuse problem. That is, the employee 
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with drug or alcohol abuse problems is likely to be abusing one or more 
drugs in addition to alcohol. This finding is consistent with literature 
regarding the population in general (Carroll et al., 1977). 

In summary, the interviews with employee assistance program personnel 
from fourteen organizations in the Seattle area indicate the following: 

• A minimum of 10% of all employees experience alcohol­
related problems that affect their job performance. 

• The most frequent problem of employees who seek assistance 
is alcohol-related. 

• There is a greater tendency for drug and alcohol abuse 
problems to involve ••multiple substance" abuse, alcohol in 
combination with one or more drugs; this trend is most 
commonplace among workers under 35 years of age. 

• All categories of employees are equally affected by alcohol 
abuse. 

• Employee assistance programs that have been set up to help 
personnel who are experiencing job performance decrements 
have been very successful and heavily used. 

6.5 Summary and Conclusions 

Alcohol abuse affects a large minority of adult U.S. citizens. Based on 
national survey data collected in the 1960's, approximately 11% of the 
adult population between 20 and 70 are alcohol abusers. The prevalence 
of alcohol abuse is related to many factors, including sex, age, and 
occupation. Estimates based on these factors are available from the 
Marden formula. 

The 11% alcohol abuse prevalence figure is composed of approximately 17% 
of the adult male population and 4% of the adult female population. 
Alcohol abuse is more prevalent among the younger age categories, 
especially for men. For example, approximately 25% of the adult male 
population aged 20 to 29 were found to have alcohol abuse problems, while 
the analogous figure for 60 to 69-year-old males is 12%. 

Alcohol abuse prevalence is also highly related to occupation. For 
example, national survey estimates for alcohol abuse among professional 
technical workers is approximately 10%, whereas operatives, transport 
workers, and farm laborers have an estimated alcohol abuse prevalence of 
approximately 22%. 

An analysis of the job categories relevant to the nuclear industry found 
that nuclear-related jobs could be classified into one of three U.S. 
Census occupational categories. These three occupational categories are 
professional/technical, manager/administrator, and craftsmen. The Marden 
formula estimates based on general population data for these occupational 
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categories are 10% alcohol abuse prevalence among male professional/ 
technical workers in the general population, 18% alcohol abuse prevalence 
for male managers/ administrators, and 21% alcohol abuse prevalence for 
male craftsmen (analogous estimates for adult females are not available). 

A general estimate used by employee assistance program consultants is 
that 5% to 6% of an average workforce needs employee assistance program 
help for alcohol abuse problems. If an all-male workforce was assumed, 
this estimate would range from 8% to 10%. The estimates provided by 
Seattle-area employee assistance program representatives were that a 
minimum of 10% of their workforce needs help for alcohol abuse problems. 
Approximately 1% or less of their employee population seeks help through 
the assistance program during the year for alcohol abuse problems. 
Representatives from employee assistance programs at nuclear utilities 
generally estimated the alcohol abuse prevalence at their plant at 3% or 
less, although one representative estimated that the prevalence at his 
plant might be as high as 9%. 

As with the drug abuse prevalence estimates, a range of estimates for 
alcohol abuse prevalence in the general population and in non-nuclear 
industries is available. Without corroborating data, a specific 
prevalence estimate cannot be made, but the available estimates are 
suitable for regulatory decisionmaking purposes. 
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7. IMPAIRING EFFECTS OF ALCOHOL ABUSE ON JOB PERFORMANCE 

In Section 5. 1, a model of human performance was discussed that includes 
four types of performance: sensory/perceptual, cognitive, motor, and 
communicative. Five job categories in nuclear power plants {managers, 
scientists, licensed operators, non-licensed operators, and skilled craft 
workers) were also discussed in terms of the types of skills required for 
each job category and how these skills relate to the four human 
performance categories. This section briefly addresses the effects of 
alcohol on the four areas of human performance and, in turn, its 
potential impact on the five occupational categories. A more in-depth 
analysis of the impairing effects of alcohol on human performance is 
provided in Appendix D. 

7.1 Impairin9 Effects of Alcohol 

Alcohol has been found to impair performance on a wide variety of tasks, 
ranging from simple motor reflex responses to higher-level 
problem-solving. Early inconsistencies in the experimental literature 
suggesting that large doses of alcohol improve performance have been set 
to rest. It is now accepted that alcohol produces performance 
decrements, some of which begin to appear at very low doses. 

About 95% of the alcohol consumed is metabolized in the liver where it is 
changed to water and carbon dioxide before excretion. The rate at which 
alcohol is metabolized is slow and constant: about one-third ounce of 
pure ethanol per hour in the average adult. This metabolic rate is 
unaffected by the amount consumed, blood alcohol concentrations (BAC), or 
the consumption of food or other liquids {Wallgren & Barry, 1970; AMA 
Committee on Medicolegal Problems, 1970; Jones, 1978; Julien, 1981). 

Like the sedatives, alcohol is a central nervous system depressant. At 
This low doses, alcohol creates mild euphoria and behavioral excitement. 

response has been interpreted by some as evidence that inhibitory 
synapses are depressed before excitatory ones, creating the state of 
disinhibition and arousal commonly noted after drinking begins {Julien, 
1981; Perrine, 1974). With increasing doses, behavioral activity is 
progressively reduced to the point of coma or death. 

Individual differences affect the onset of behavioral disruption due to 
alcohol consumption. Greater body weight, a slow speed of consumption, 
and physical tolerance to alcohol raise the BAC at which substantial 
behavioral disruption occurs. In general, however, disruption in human 
performance occurs at relatively low doses. In general, motor behaviors 
are impaired before cognitive abilities and recover later than cognitive 
skills, as the blood alcohol concentration rises, then falls, following 
alcohol ingestion. In the following discussion, BAC will be discussed in 
terms of the number of drinks required tor the average American male. 
Table 10 summarizes the number of drinks equivalent to the blood alcohol 
concentrations given and the associated performance decrements. One 
drink is the equivalent of one ounce of hard liquor, 12 oz. of beer, or 
3 oz. of unfortified wine. · 
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Aff~ted 
Perfon~~nce 

Attention tnd 
Perception 

MOTOR 

Ruction 
Tl• 

Other Motor 
Perfo ... •nce 

COONITJvt: 

Lurning tnd -., 

Rusontng 

hble 10 

Rehttonship of Le.,eh of Blood Alcohol concentr1tlons 
1nd Types of Perfonunce Decre.ents 

Blood Alcohol Concentnttons lnd Equinlent Nl.lllber of Drinks Required to Reich 
the Given 8AC for 1 Person Weighing 160 or 180 lbs.• 

.01 - .041 .04 - .081 .08 - .lZI .lZI+ 

llo, Of 
Orinlu 1t: 

160 lbs, 
180 lbs. 

1 - 2 
1 - 2 

Oecrused ability to 
percehe IKI'ff:lll!nt 

Ability to btck up, 
steer a ur 
accuntely, 1nd 
park disrupted 

2 - • 
J - ' 

Pertpherll ¥hl011 
IlliCit ired ( ,051) 

Perforwance on COMPlu 
tnks decrenes, errors 
increne 1nd speed of 
response decreases 

Ability to sttnd without 
swa,yfng lost 

Speed of p~fcal IIO'fe~~ent 
decre1sed 

Decreased driving skill 
on a si~~Uhtor 

Oecrened hand-eye coord t­
natfon on 1 drill Press 

Ab i 11 ty to recognize 
lnfon~~t1on pre'flously 
presented enhanced 

Ability to soln •rttlwlttc 
probl- t••tred, solutions 
took longer, .,.. errors 

1-.pro'ted abl1tty to use 
1bstrect COIICf:Cits to soln 
linear probla.s, such u 
equltiOIIS 

It~~~~afred abl11ty to jloldge 
one's own le'fel of tntoxi­
Citlon and abtltty to judge 
perforNnc:e 

IMPaired abtltty to judge 
others ll'fel of perfon~~nc:e 
and degree of drunkenness 

. - ' 
' - 7 

Decreased tblllty to distin­
guish urwoyfng objects 

Decrened depth perception 

Slower nte of dtrk 
ldtptltion 

Decrened 1billty to distin­
guish between colors 

Decreued 1blltty to sust1fn 
1ttentlon 

Sl~~ple tasks show slowed 
re1cttons to both auditory 
and YISUil Sfgnlls 

Decrened ability to tr1ck 
1 IIIO'flng object with eyes 

Decreased product quality 
and slower us!lllbly speed 
on an ns!lllbly line tnk 

Decre1sed hand ste1diness 
on 1 welding tuk 

Decreased abf11ty to 
understand and org1nfze 
lnforwltlon 

Decreased 1bflfty to ret1ln 
new lnfonaatfon 

Learning slowed 

Verbtl probl .... sohi~~q 
t••tred 

Dec:reasecl 1blllty to fo ... 
tnd use abstrtct concepts 

I••tred ability to sol~ 
llnetr problen 

Increned wlllfngness to 
tlke risks 

,. 
1 1/Z+ 

Eye-h1nd coordina­
tion se.,erely 
dlsruoted 

1Alcohol h reiiiO'ff::d fr011 the bloodstre .. at the rate of D.DIS:C per hour lrreSDtctlve of body weight. 
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As can be seen from the table, alcohol effects show up at relatively low 
doses (one to two drinks). Performance decrements are found for a 
sensory/perceptual task (ability to perceive movement) and motor skills 
(aspects of driving skills). At moderate doses (two to five drinks), 
sensory/perceptual, motor and cognitive performance decrements show up. 
Reduced ability to see and stand without swaying, longer reaction time, 
reduced eye-hand coordination, a reduced ability to solve arithmetic 
problems, and an impaired ability to judge one's own (and others} level 
of intoxication as well as performance ability are among those 
performance decrements observed. 

Some performance factors are enhanced, however, at moderate dose levels. 
These performance capabilities are all cognitive and the effects are 
reversed with a few more drinks. 

After four to five drinks, a number of human performance factors show 
deterioration. It is at four to five drinks that our average American 
male is verging on legal intoxication: most people whether practiced 
drinkers or not (i.e., alcohol tolerant) will show some behavioral 
effects of this dos~ level. 

The combined effects of alcohol and other drugs on human performance have 
received limited scientific attention. Most research on the interactions 
focuses on the effects of drinking and tranquilizer (sedative) use due to 
the large numbers of tranquilizer prescriptions and the likelihood that 
individuals who are taking them will also drink. As marijuana use has 
become more common, some research has looked at its combined effects with 
alcohol. Given that multiple drug abuse is on the rise, it is likely 
that more information will be forthcoming on the effects of drug/alcohol 
interactions. 

As noted in Section 5.4, alcohol and sedatives are both central nervous 
system depressants. Consequently, they affect many of the same 
behaviors. When taken together, the resulting performance impairment is 
significantly greater than the impairment found when either alcohol or a 
sedative is taken alone. 

The peak effects of an alcohol/sedative combination occur within the 
first hour after both are ingested. Some evidence exists to suggest that 
alcohol accelerates the absorption rate of sedatives (Linnoila & Mattila, 
1973). Even if sedatives are taken up to ten hours before alcohol is 
consumed, effects of the combination are still observable (Linnoila, 
1976). 

Alcohol/sedative combinations significantly impair motor performance. 
Eye-hand coordination is decreased and reaction time greatly increased 
under the influence of low doses of these two drugs. In studies of 
simulated driving, subjects taking alcohol and a sedative were involved 
in more collisions, drove off the road more frequently, and ignored 
driving rules more often than persons taking either substance alone. 
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Alcohol and sedatives are said to potentiate each other. As discussed in 
the sedative section {Section 5.5), potentiating interactions occur when 
the effects of dose combinations are more than simply additive. 
Therefore, with even small doses of both alcohol and sedatives taken in 
combination the behavioral effects include unsteadiness, disorientation, 
impaired judgment of intoxication, deficits in attention, and motor 
performance capabilities. 

Different effects are found for alcohol/marijuana combinations. 
Marijuana, though not a central nervous system depressant, induces 
behavior effects similar to those found with alcohol (Julien, 1981). 
Unlike the alcohol/sedative combination, marijuana and alcohol do not 
combine synergistically; i.e., consumption of marijuana will not 
potentiate alcohol's action or vice versa. They do, however, impair 
performance to a greater extent than if either alcohol or marijuana is 
consumed alone. The combination particularly affects motor performance. 

Cognitive performance is also affected by alcohol and marijuana taken 
together. In general, the combination of these two drugs significantly 
affects all aspects of human performance. Any ability which is 
negatively impacted by either drug alone will also be impaired by the 
combination. 

7.2 Effect on the Nuclear Industry 

As discussed above, alcohol has its earliest effects on motor 
performance, followed by sensory/perceptual performance, cognitive 
performance, and communicative performance. The impacts of these effects 
on the five nuclear job categories is summarized in Table 11. In this 
table, only the high performance demand areas for a specific job category 
are evaluated. 

Alcohol would appear to have the largest negative impact on the 
performance of non-licensed operators, licensed operators, and skilled 
craft workers. Alcohol abuse could definitely affect a licensed 
operator 1 s performance. However, such performance problems should be 
relatively easy to isolate in the highly visible control room 
environment. In addition, errors in operation can be corrected by the 
remainder of the control room crew. Performance decrements due to 
alcohol abuse are of more concern if they cannot be easily detected. 
Such is more likely to be the case, for example, for maintenance 
personnel who work individually with little supervision or for 
non-licensed operators who perform, say, valve alignment checks 
individually. For these reasons. the negative effects of alcoh~l on job 
performance are likely to be the largest for skilled craft workers, 
non-licensed operators, and licensed operators, in that order. 
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Table 11 

Predicted Negative Impact of Alcohol on the High Frequency 
Performance Areas for Five Occupational Categoriesa 

Managers Scientists Licensed Non-Licensed 
& Engineers Operators Operators 

Sensory/ 
Perceptual Large Large 

Cognitive Medium Medium Medium 

Motor Large 

Corrrnun icat ive Small Small 

Skilled 
Craft 
Workers 

Large 

~he negative impacts of alcohol on performance were estimated only for the 
aspects of a specific job that had a 11 high" performance requirement as 
delineated in Table 4. For example, managers have high performance 
requirements for cognitive and communicative skills, so only those two cells 
were rated. 
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8. CONCLUSIONS AND RECOMMENDATIONS 

The conclusion to be drawn from the prior analyses is that some level of 
drug and alcohol abuse prevalence can be anticipated in the nuclear 
industry. With the lack of corroborating data, we must assume that the 
drug and alcohol abuse prevalence in the nuclear industry is likely to 
occur at approximately the same level as in the general population and in 
non-nuclear industries. Also, given the known effects of drugs and 
alcohol on sensory/perceptual, cognitive, motor, and communicative 
performance, we conclude that on-the-job drug and alcohol abuse will 
negatively impact job performance, as has shown to be the case in 
non-nuclear industries. Because of the above conclusions, we need to 
address the question of what kind of program can be implemented to 
minimize or eliminate on-the-job drug and alcohol abuse and the resulting 
performance decrements. 

In the past, there have been two major types of programs that have been 
tried, especially with regard to alcoholism. The first approach tried 
(Wrich, 1980) was the alcoholic identification or supervisory 
identification approach. In this approach, supervisors are trained to 
identify the alcoholic on the basis of alcoholism symptomatology. These 
programs were not successful for at least four main reasons. First, 
since first-line supervisors were reticent to diagnose anyone above them 
as being alcoholic, the identification of alcoholic workers was 
restricted to those below the first-line supervisory level. Second, the 
program often looked like a witch hunt. No matter how well the 
supervisors were trained, they tended to revert to decisionmaking on the 
basis of their own personal drinking habits. Third, alcoholics are very 
skillful at diverting attention from their real problem (alcoholism) to 
reasons why they drink. Supervisors were often fooled by the alcoholic 
and many troubled employees were not diagnosed correctly. Finally, 
because of the stigma that was attached to alcoholism in the 1950's and 
early 1960's, supervisors wanted to be sure of their diagnosis before 
confronting the employee. Confidentiality was often compromised in the 
search for confirming data, and, again, troubled employees often went 
unhelped. Unfortunately, there are those who still advocate a symptom 
surveillance approach, especially for drug abuse (for example, see 
Bensinger, 1982). 

In the 1960's, the programs began to shift their approach from alcoholism 
symptomatology to impaired job performance caused by alcoholism. At the 
same time, the program people realized that numerous personal problems-­
alcoholism, drug abuse, mental health problems, and family problems-­
could cause job performance decrements. Thus, the program became much 
broader in scope with the added benefit of finding that employees were 
much more likely to use a program that was in place to help them with 
their personal problems that caused job performance decrements than they 
were likely to use a program that was in place to treat only alcoholism. 
Such programs, which we have referred to as employee assistance programs 
in this report, have been very successful in the past decade. Program 
evaluations have shown that 70% to 90% of those who receive treatment 
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through an employee assistance program return to successfully carry out 
their job. 

Much is already known about employee assistance programs. A comprehensive 
program should have the following elements (Segalla, 1982: p. 4): 

• Written policy and procedures 

• Labor-management cooperation 

• Supervisory training 

o Employee education 

• Professional staff services 

• Record keeping 

• Ongoing evaluation 

Although such general program features are known, specific programs will 
have to be tailored to specific needs. Variables that might affect 
program implementation include the number of employees, the availability 
of treatment services, and the kind of insurance coverage available. 

Such programs have been successful because of the concern for employee 
problems shown by the employer, by employee trust in the confidentiality 
assured by the program, and by the fact that job performance is the only 
criteria that is used in making referrals to the employee assistance 
program. Thus, it is our recommendation that employee assistance 
programs that include the program elements discussed above and that are 
based on decrements in performance, rather than on identifying the drug 
or alcohol abuser through symptomatology, be used in the nuclear utility 
industry. Such programs are acceptable to management, acceptable to 
labor, and successful. The programs that are based on identification 
through symptomatology have not been acceptable to labor and have not 
been successful. 
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APPENDICES 



Appendix A 

Interview Format for Utility Survey 

Interview # _____ _ 

ALCOHOL ANO ORUG PROBLEM IDENTIFICATION SURVEY 

TELEPHONE INTERVIEW PROTOCOL 

I. I WOULD LIKE TO BEGIN WITH A FEW QUESTIONS ON EMPLOYEE ASSISTANCE 
PROGRAMS. 

1. First, at your plant is there an employee assistance program that 
offers problem diagnosis, a referral service, or other human services? 

No: Are you aware of Whether there are adequate resources 
in the community to provide services if a referral system 
were to be set up? Yes 

No (NOW SKIP TO #2] 

Yes [CONTINUE WITH #la, BELOW] 

a. 'Is this program attached to a particular department or division? 

No 

Yes (please specify)--------------

b. What is the title of the person to whom you (or the head of the 
program) report(s)? 

Title-----------------------

Department---------------------

c. How many people are assigned to work on the employee assistance 
program? 

Fu 11-t ime 

Part-time 

62 



d. When was the program established? 

e. Does the employee assistance program ever get involved with 
staff performance evaluations? 

No 

Yes (please explain)--------------

f. What services. if any. are specifically focused on alcohol- and 
drug-related problems? 

_____ problem diagnosis 

referral service 

__ counse 11 i ng 

other (please specify): 

g. Whom is this program designed to serve (all employees, or only 
some types of employees - please specify)? 
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1977 

1978 

1979 

1980 

1981 

1982 

h. Next, could you give me some information on how many people have 
used the employee assistance program during the past several years. 

[You may want to refer to program records to provide this 
information; if that requires lots of time or is 
inconvenient--could I make an appointment to call back?] 

First, how many 
people total 
used the program 
in: 

Second, how many 
people with alcohol­
related problems 
used it in: 

Third, how many 
people with drug­
related problems 
used the program in: 

j. Do you remember what kinds of drug-related problems have surfaced 
this year- from January 1982 to the present? (E.g., marijuana, 
cocaine, tranquilizers such as valium, amphetamines, etc.) 

Type of Drug Percentage 

2a. Do you know if there is an [another] employee ~ssistance program in 
your utility? 

No (SKIP TO #3) 

Yes, at the general offices/headquarters 

Yes, at other plant(s) 
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2b. Do you know of a person I could contact about the program(s)? 

HQ/Plant Name lndividua1 1 S Name 
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l I. THE NEXT SEVERAL QUESTIONS ASK YOU TO MAKE JUDGIIENTS ABOUT POSSIBLE 
ALCOHOL- AND DRUG-RELATED PROBLEMS AT YOUR PLANT--AND TO EXPLAIN HOW 
YOU ARRIVED AT THOSE JUDGMENTS. 

3. What percentage of the staff* at your plant do you think have a 
problem related to the use of alcohol? 

What type of information and impressions did you rely on in making 
this judgment? That is, how did you come up with this answer? 

formal or informal written reports are filed 
word-of-mouth discussions 

__ your personal observations 

estimates based on personal op1n1on 

__ estimates compiled by the employee assistance program 
records kept by the employee assistance program 

__ records kept by Personnel Department 
other (please specify): 

4. What percentage of the plant staff do you think have a problem 
related to the use of a drug? 

What type of information and impressions did you rely on in making 
this judgment? That is, how did you come up with this answer? 

formal or informal written reports are filed 
word-of~mouth discussions 

__ your personal observations 

estimates based on personal op1n1on 
estimates compiled by the employee assistance program 

__ records kept by the employee assistance program 

_____ records kept by Personnel Department 

other (please specify): 

*Staff = all personnel with unescorted access to protected areas. 
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5. Do some groups of workers have more of a problem than other groups? 

No 

Yes (please explain--what groups; type of problem-­
alcohol vs. drug): 

What type of information and impressions did you rely on in making 
this judgment? That is. how did you come up with this answer? 

formal or informal written reports are filed 

word-of-mouth discussions 
_____ your personal observations 

_____ estimates based on personal opinion 

_____ estimates compiled by the employee assistance program 
_____ records kept by the employee assistance program 

_____ records kept by Personnel Department 

other (please specify): 
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6. In your best judgment, has alcohol use increased or decreased since 
1977? 

increased 

decreased 
no change 

What type of information and impressions did you rely on in making 
this judgment? That is, how did you come up with this answer? 

formal or informal written reports are filed 
word-of-mouth discussions 

__ your personal observations 

__ estimates based on personal op1n1on 

__ estimates compiled by the employee assistance program 
__ records kept by the employee assistance program 
__ records kept by Personnel Department 

other (please specify): 

7. In your best judgment, has drug use increased or decreased since 1g77? 

increased 
decreased 

__ no change 

What type of information and impressions did you rely on in making 
this judgment? That is, how did you come up with this answer? 

formal or informal written reports are filed 

word-of-mouth discussions 
__ your personal observations 

estimates based on personal opinion 

estimates compiled by the employee assistance program 
__ records kept by the employee assistance program 

__ records kept by Personnel Department 
other (please specify): 
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8. If you like, when our research report is completed--sometime next 
year, we will send you information on how to obtain a copy of the 
report {if it is available from the GPO) or a copy of the report 
itself (if it is not published by the GPO). Oo you want this 
1nformation? 

No 

Yes: May I get your: 

Name: 

Title: 

Plant: 

Address: -------------------------------------

Should you have any further comments or questions, please don•t 
hesitate to call me at: 

(206) 525-3130 OR WRITE AT: 

Battelle Memorial Institute 
4000 N.E. 41st Street 
Seattle, Washington 98105 

THANK YOU VERY MUCH FOR YOUR TIME AND ASSISTANCE. 
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Final Questions~-the Interview Protocol 

1. As you think back on this interview, was there any point at which you 
found yourself feeling irritated with me or with the questions? 

No 

Yes (please explain) 

2. At any time during the interview did you feel uncomfortable or uneasy? 

No 

Yes (please explain) 

70 



Appendix B 

Local Industries Surveyed 

October, 1982 - January, 1983 

Industry 

Burlington Northern Railroad 

The Boeing Company 

Brittania Sportswear, 
subsidiary of Schoenfeld, Inc. 

City of Seattle 

Highline School District 

King County Division of Alcohol and 
Substance Abuse 

Pacific Car and Foundry Company 

Pacific Northwest Bell 

Pu9et Sound Naval Shipyard 

Seattle First National Bank 

The Seattle Times Company 

Washington Natural Gas Company 

Western Airlines International 

Weyerhauser Company 
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Date 

November 1982 

December 1982 

December 1982 

December 1982 

December 1982 

December 1982 

December 1982 

December 1982 

January 1983 

October 1982 

December 1982 

December 1982 

December 1982 

December 1982 



Appendix C 
Impairing Effects of Drugs on Human Performance 

MARIJUANA 

As the most commonly used drug, other than alcohol, the effects of 
marijuana on human performance have received increasing attention in the 
scientific literature over the past ten years. Delta-9-
tetrahydrocannibol (THC) is the active ingredient in marijuana and in 
hashish, a marijuana-derivative made from resins in the female flowers of 
the Indian hemp plant, Cannabis sativa. Ingestion or inhalation of THC 
increases pulse rates and dilates the blood vessels in the eyes. 
Absorption from the lungs is rapid and complete, and peak blood 
concentrations occur 10 to 30 minutes after smoking a marijuana 
cigarette. Effects of the drug last typically for 2 to 3 hours (though 
some effects have been noted for up to 4 1/2 hours), but excretion of 
marijuana metabolites may require a week or longer. Marijuana use is not 
physiologically addicting, despite its legal classification as an 
addicting drug under the Controlled Substances Act. Some users have 
reported a psychological dependence on this drug, however, and tolerance 
to its psychological and physiological effects develops with repeated use. 

Most marijuana sold in the United States contains THC concentrations 
ranging from 0-5%, while THC concentrations in hashish typically range 
from 5-20%. In the low doses commonly ingested, marijuana produces 
behavioral effects similar to the sedatives; only with extremely high 
doses will marijuana produce hallucinations and other psychedelic 
effects. The studies to be discussed in this section have used a typical 
"social dose, 11 or one or two marijuana cigarettes shared by two or three 
people. Subjects administered this typical "social dose" are referred to 
as being intoxicated in the following review. 

The effects of marijuana intoxication on an individual•s 
sensory/perceptual performance have been investigated by a number of 
researchers. Studies have been conducted to examine the effects of 
marijuana on sight and hearing and on the ability to sustain attention 
while intoxicated. 

Two studies have investigated the effects of marijuana on hearing. Early 
research showed that marijuana did not impair the ability to detect 
sounds near the lower limits of human hearing or to discriminate between 
tones of different frequencies and amplitudes (Caldwell, et al., 1969). 
In Caldwell, et al.•s study, however, subjects controlled their own 
consumption of marijuana, so may not have ingested enough of the drug to 
produce an effect. A more recent study, which controlled the amount of 
marijuana ingested, found significant impairment related to the amount of 
marijuana (Moskowitz & McGlothlin, 1974). In this study, subjects were 
asked to report the presence or absence of a tone presented to one ear in 
a burst of noise while either ignoring or attending to a human voice 
reading a list of numbers to them in the other ear. Marijuana 
intoxication decreased the number of times the subjects reported that the 
tone was present when it actually was present (hits), and increased the 
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number of times they reported that it was present when it was not (false 
alarms). The results indicated that the impairment was due to a decrease 
in sensitivity to the auditory signals, rather than to changes in the 
criteria the subjects used as a basis for reporting the presence of a 
signal. 

Several studies have investigated the effects of marlJUana on vision and 
found no effect. Perception of the brightness of a light stimulus was 
unaffected (Caldwell, et al., 1969) by marijuana, as was performance on 
depth perception tasks and the ability to discriminate rapidly changing 
lights as discrete light sources (Clark & Nakashima, 1968; Peters, 
et al., 1976). Dark adaptation, visual acuity, and visual recognition 
were similarly unaffected (Milstein, et al., 1975; Moskowitz, et al., 
1972). 

Performance decrements on other vision tasks have been found, however, in 
a number of studies. Sharma and Moskowitz (1972) found that intoxicated 
subjects reported more movement of light source. Other researchers have 
found that marijuana is associated with decreased sensitivity to central 
and peripheral visual signals (LeDain, et al., 1972; Moskowitz, et al., 
1972; Macavoy & Marks, 1975). In a study of visual information 
processing, however, Braff, et al. (1981) concluded that marijuana does 
not affect visual intake capacity, image formation or quality, which 
suggests that visual sensitivity is not impaired with marijuana 
intoxication. Rather, these researchers found that marijuana slows the 
transfer of a visual image from iconic (image or visual) memory to more 
permanent registration and processing. Iconic memory may become 
overloaded and the images may become fused or lost before transfer can 
occur. That is, the sensory input is unimpaired but the slowing of the 
storage process reduces the accurate recording of the visual input. 

Another aspect of sensory/perceptual performance, the ability to attend 
to stimuli, is also affected by marijuana intoxication. Several studies 
have demonstrated that the ability to sustain attention is impaired with 
marijuana (Moskowitz, et al., 1972; Casswell & Marks, 1973). Sharma and 
Moskowitz (1973) found that vigilance performance on a simple signal 
detection task was impaired; performance further decreased over repeated 
exposure. A similar finding was obtained on a more complex and demanding 
vigilance task (Sharma & Moskowitz, 1974), suggesting that performance 
decrements were not solely due to lapses in subject interest in the first 
experiment. 

Performance decrements have not been found, however, on tasks which 
require continuous performance {Weil, et a1., 1968; Vachon, et al., 1974; 
Casswell, 1975). Casswell (1975) suggests that the relatively long 
response time allowed on the continuous performance task obscures brief 
lapses of attention due to marijuana intoxication, whereas the vigilance 
tasks allow less response time and so are more sensitive to attention 
decrements. 

Marijuana intoxication does create substantial performance decrements on 
tests of motor skills; many of these decrements are long lasting, showing 
significant deficits for as long as four and one-half hours after the 
administered 11 SOc1al 11 dose. Reaction times are longer. A number of 
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studies have found impairments in performance on both simple and complex 
reaction time tasks (Peters, et al., 1976; Clark & Nakashima, 1968; 
Schaefer, et al., 1977; Chesher, et al., 1977), whether the stimulus was 
presented visually or auditorially (Bird, et al., 1980). Further, the 
impairment was found to be relatively long-lasting: up to four and 
one-half hours following drug ingestion (Belgrave, et al., l979b). 
Widely ranging differences in subjects• performances on reaction times 
led one researcher to suggest that some of the impairment may be due to 
brief lapses of attention (Casswell, 1975), although a slowing of 
muscular movements with intoxication has also been noted (Borg, et al., 
1975). Early increases in reaction time for complex tasks do disappear 
with practice on the task, however. In one study, practiced subjects 
showed no marijuana-induced impairments {Peeke, et al., 1976). 

Studies of several kinds of motor performance indicate that marijuana 
impairs motor steadiness, eye-hand coordination, and manual dexterity. 
In contrast to the reaction time tasks, which require some information 
processing, performance on tests of simple motor reaction speed (e.g., 
finger and toe tapping) was unaffected by marijuana intoxication 
(Milstein, et al., 1975; Peters, et al., 1976). 

Motor steadiness is severely impaired with marijuana. Standing 
steadiness with eyes both open and closed was decreased after ingestion 
of marijuana (Belgrave, et al., 1979; Chesher, et al., 1977; Bird, 
et al., 1980), as was hand steadiness (Milstein, et al., 1975). 

Performance decrements on sustained tracking tasks have consistently been 
found. Subjects show slower response times and increased time off-target 
when intoxicated (Milstein, et al., 1975; Belgrave, et al., l979b; Roth, 
et al., 1973; Bird, et al., 1980). 

Manual dexterity performance is also impaired with marijuana 
intoxication. Performance on tests requiring manipulation and 
coordination skills has shown significant impairment due to marijuana 
ingestion (Salvendy & McCabe, 1975). Another study which tested for 
manual dexterity found performance decrements which lasted for up to 
approximately two and one-half hours after ingestion of marijuana 
(Chesher, et al., 1977). 

The scientific literature on the effects of marijuana on cognitive 
performance yields inconsistent results. For example, the effects of 
marijuana on memory and learning have been found to produce both 
significant performance decrements in some instances and none in others. 
The differences may be a function of non-comparable experiments or tasks 
in the cognitive arena which is, admittedly, a complex category of human 
performance. On the other hand, the differences may be due to inherent 
properties of marijuana which, to date, have been found to be unlike 
those of any known neurotransmitter in the brain. The studies reviewed 
include investigations of memory, learning, reasoning, and decisionmaking 
on tasks requiring judgment. 
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Differences have been found for memory retrieval tasks when the subject 
is intoxicated at the time of learning material to be retrieved later. A 
number of studies indicate that marijuana does not interfere with 
retrieval of material previously learned in a non-intoxicated state 
(Abel, 1971; Darley & Tinklenber9, 1974; Dittrich, et al., 1973; 
Dornbush, 1974). For example, Darley, et al. (1977) found that marijuana 
had no effect on the ability to recall or recognize common facts stored 
in long-term memory. Miller, et al. (1977a), however, found a slight 
retrieval deficit using a more sensitive experimental design, but this 
deficit was overcome when the subjects were provided with cues to aid 
their recall. 

Several studies have indicated that marijuana interferes with the 
transfer of information from short-term memory to long-term memory. 
Immediate recall of simple information presented while the subjects were 
intoxicated was not impaired by marijuana (Peters, et al., 1976; 
Dittrich, et al., 1973), but Miller, et al. (1977b) found that immediate 
recall of complex prose material decreased with marijuana use. Recall of 
material from long-term memory, learned while intoxicated, was 
significantly impaired in a number of studies (Miller, et al., 1977a; 
Rickles, et al., 1973; Pearl, et al., 1973; Miller, et al., 1972). 

Marijuana has been found to interfere with learning. In a study of 
verbal learning, Rickles, et al. (1973) found that intoxicated subjects 
required more trials to reach a criterion than non-intoxicated subjects. 
Peters, et al. (1976) also found that intoxicated subjects required more 
practice to learn a color-number matching task than subjects receiving a 
placebo. 

One consistent finding has been that marijuana impairs performance on the 
digit symbol substitution task. This task gives subjects a code which 
pairs numbers and letters. When presented with a letter, the subject is 
required to respond with the appropriate number, according to the code. 
As the code is learned, subject response time and number of errors should 
decrease, Several studies found significant performance decrements on 
this task for intoxicated subjects, but the impaired performance may be 
due to slower reaction time or reduced speed of information processing, 
rather than to a failure to learn (Clark & Nakashima, 1968; Casswell, 
1975; Vachon, et al., 1974; Borg, et al., 1975). 

Some evidence of state-dependent learning was found in two studies. 
State-dependent learning refers to learning that is best recalled when 
the subject is in the same state (e.g., intoxicated} as when the learning 
occurred. Information learned while intoxicated was recalled better 
after a delay by subjects who were again given marijuana than by subjects 
who were asked to recall the material in a non-drug state (Miller, 
et al., 1977a; Rickles, et al., 1973). In both studies, however, 
material learned while intoxicated was recalled to a lesser degree, 
independently of drug state, than material learned without the influence 
of marijuana. 

The effects of marijuana intoxication on reasoning abilities indicate 
that numerical reasoning is significantly impaired, whereas the formation 

75 



and use of abstract concepts is impaired for some tasks, but not others. 
As was noted in the reaction time research, the response time for 
reasoning tasks substantially increases with marijuana. 

Several studies have found impaired numerical reasoning with marlJUana. 
Chesher, et al. (1977) found performance decrements on simple addition 
and subtraction tasks for intoxicated subjects, as did Belgrave, et al. 
(1979b) on a timed test. Intoxicated subjects showed longer response 
times and made more errors than non-intoxicated subjects in these 
studies. Pearl, et al. (1973) found a significant, dose-related effect 
of marijuana on a goal-directed serial alternation (of addition and 
subtraction) task, and on a serial subtraction task. In this study, 
however, motivated subjects made fewer errors when intoxicated than 
subjects not given an incentive to perform well. 

Marijuana has been shown not to impair performance on tests which require 
the subject to choose the element in a set which is not conceptually 
related to the other elements. No performance decrements were found on 
tests which presented words as the set (Pearl, et al., 1973) or geometric 
figures (Peters, et al., 1976) as the set . 

• 
Pearl, et al. (1973) found that marijuana reduced performance on two 
other reasoning tests, however. Intoxicated subjects made more errors 
when presented with an ordered series of letters and required to deduce 
which letter should come next in the sequence. Intoxicated subjects also 
made more errors when presented with a series of pictures with parts 
missing and asked to identify the subject of each picture. 

Very little information is available regarding the effects of marijuana 
on judgment. No studies of decisionmaking while intoxicated have been 
conducted, although the reaction time, memory, and reasoning data suggest 
that judgment may be impaired. 

Studies of interpersonal behavior have indicated that individuals become 
less empathic when intoxicated. One study of mental health workers found 
that they were less able to accurately perceive emotion in others or to 
communicate genuinely when intoxicated (Janowsky, et al., 1979). 
Similarly, Clopton, et al. (1979) found that subjects were significantly 
less able to identify the emotions of actors in video-taped interaction~ 
when intoxicated than when in a non-drug state. Social judgment, 
therefore, appears to be impaired with marijuana. 

The effects of marijuana on communication performance have not been 
studied. Communication, however, can be expected to be influenced to the 
extent that complex reaction time, memory, numerical reasoning, and 
social judgment are involved in the creation of specific verbal 
behavior. As indicated in the preceding discussion, all of these skills 
are affected by marijuana ingestion. 

Chronic (i.e., long-term and frequent) abuse of marlJuana does not appear 
to lead to the physical and psychological deterioration associated with 
chronic abuse of other drugs (e.g., stimulants, sedatives, and alcohol). 
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Even large daily doses of THC do not create physical dependence 
(Marcovitz & Myers, 1944; Deneau & Kaynakcalan, 1971; Harris, et al., 
1972), though psychological dependence has been reported (Bouquet, 1944; 
Chopra & Chopra, 1957; Lambo, 1965). 

Experimental studies of the effects of chronic marlJUana abuse on 
performance are rare. Two studies examining the effects of daily 
consumption on work productivity over periods of 70 and 93 days, 
respectively, showed no effect on productivity as long as subjects were 
not required to work while intoxicated (Miles, et al., 1975; Kagel, 
et al., 1980). The amount of marijuana ingested did not affect the 
results. The time period involved in these studies, ten weeks to 
approximately three months, may not be representative of effects over 
years of heavy use. 

Studies conducted in the Carribean, the Middle and Near East, and Central 
Europe of long-term heavy cannabis users fail to provide evidence of 
significant and permanent impairment due to chronic ingestion of THC. 
Results of several studies suggest that chronic users of THC are 
indistinguishable from their peers in terms of work performance, mental 
status, social functioning, and measures of lifestyle {Fink, 1971; Rubin 
& Comitas, 1972; Weiss, 1971; Mendhiratta, et al., 1978). 

As a result, it can be concluded that chronic use of marijuana is not 
linked to permanent or sustained performance decrements; the impact of 
marijuana use on job performance must be attributed to marijuana consumed 
on the job or several hours prior to work shifts. In spite of evidence 
of marijuana metabolites being present in the body for days after 
ingestion, no link with performance decrements has been established. The 
apparent effects of marijuana abuse are relatively short lived, though 
certainly significant in terms of performance capabilities. 

Studies of the effects of marijuana on performance when combined with 
other drugs have been limited to the combination of marijuana and 
alcohol. These studies have consistently shown that the effects of these 
two drugs are additive, so that any impairment found for either drug will 
also be found when both drugs are taken together (Macavoy & Marks, 1975; 
Belgrave, et al., 1979b; Chesher, et al., 1977; Bech, et al., 1973; Bird, 
et al., 1980). Marijuana and alcohol do not combine synergistically; 
i.e., consumption of marijuana will not potentiate alcohol's action or 
vice versa. 

In summary, though the findings of the scientific literature are not 
entirely consistent, marijuana influences an individual's ability to 
perform a number of sensory/perceptual skills. Decreased hearing ability 
as well as a decreased ability to either recognize or process visual 
stimuli is reported. Also, evidence points to a reduced ability to 
sustain attention in a vigilance task. 

Marijuana intoxication is associated with significant motor performance 
decrements on a variety of reaction time, motor steadiness, manual 
dexterity, and eye-hand coordination tasks. In some instances these 
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decrements continue for as long as four and one-half hours after 
ingestion of the marijuana. Practice of the motor skills involved in 
reaction time for complex tasks may reduce performance decrements. 

The effects of marijuana on cognitive tasks are not readily understood. 
In general, however, marijuana intoxication affects memory when the 
material to be recalled is learned in an intoxicated state. Learning is 
also affected by marijuana intoxication. Evidence for state-dependent 
learning has been found. Numerical reasoning is significantly impaired; 
other forms of reasoning were not consistently affected by marijuana 
intoxication. No data are available on marijuana intoxication and 
decisionmaking. Several studies of interpersonal judgment suggest that 
social behavior is impaired by marijuana intoxication. 

STIMULANTS 

The class of stimulant drugs includes the amphetamine family and 
cocaine. The amphetamines and cocaine are functionally similar. The 
major functional difference is one of intensity and duration of effect. 

The amphetamines are synthetic products. They are commonly available in 
three forms~-amphetamine, dextroamphetamine, and methamphetamine. The 
effects of these three forms are qualitatively similar. However, for a 
given dose of the drug, amphetamine will produce the least intense 
effects, and methamphetamine will give the most intense effects. A 
standard low dose of amphetamine is by tablet form from 5 to 50 mg.; high 
doses are above 100 mg. A low dose of dextroamphetamine is 2.5 to 
20 mg.; high doses are above 50 mg. Law doses of methamphetamine are 
less than 2.5 to 20 mg., and high doses are less than 50 mg. 

The amphetamines have few legitimate medical uses. They are prescribed 
(rarely) for treatment of narcolepsy and petit mal epilepsy. 
Amphetamines are also prescribed for appetite suppression. However, the 
effect for a constant daily dose lasts only about two weeks, and appetite 
returns to normal unless the amphetamine dose is increased. Cocaine is 
used medically for local anesthesia and shrinkage of mucous membranes in 
surgery, although newer forms of anesthesia are typically substituted. 

The potential for abuse of the amphetamines and cocaine is great because 
of their psychological effects. Their dominant effects on the subjective 
state are increased alertness (particularly if the user is fatigued) and 
feelings of well-being. Effects depend on form of drug used, dosage, and 
method of administration. Some effects diminish with continued use of 
the same dose (for example, appetite suppression), whereas others do not 
(e.g., the awakening effects). For many stimulant abusers, tolerance to 
some effects leads to a pattern of escalating dosage to achieve the 
desired effects. This escalation results in several-day ''runs .. of no 
sleep, followed by ''crashes .. when the user stops taking amphetamines. 
The characteristics of crashes include severe emotional depression, 
fatigue, profound and prolonged sleep, and increased appetite. 
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The effect of stimulants on human performance has been evaluated in the 
scientific literature; however, none of the experimental work reviewed 
was done with cocaine. Though there are few differences between cocaine 
and amphetamines, the conclusions drawn regarding performance effects of 
stimulants may differ from performance effects resulting from cocaine 
abuse. 

Vigilance performance, or the ability to attend to sensory input, has 
been improved in fatigued subjects given low doses of amphetamines (Paine 
& Hauty, 1954, 1955; Hauty & Paine, 1958)o When administered to subjects 
who were not in a fatigu~d condition, no differences were observed in 
visual acuity or the ability to recognize a given stimulus in a reaction 
time task (Frowein, 1981) 0 

Motor performance is also affected by stimulants. Athletic performance 
(swimming, runn1ng, etc.) is improved significantly in nonfatigued 
subjects given doses of amphetamines (Smith & Beecher, 1959)o The 
learning or acquisition of athletic motor skills has also been noted to 
improve (Spiegel, 1979). Tests of reaction time show fatigued and 
nonfatigued subjects react more rapidly on a variety of simple and 
complex tasks (Laties & Weiss, 1966; Kornetsky, et al., 1959; Seashore & 
Ivy, 1953; Frowein & Sanders, 1978; Frowein, 1981). Improved 
coordination in subjects also has been noted (Weiss & Laties, 1962). The 
only adverse motor response seems to be evidence of fine tremors in 
unfati9ued subjects (Spiegel, 1979) o 

The effect of stimulants on cognitive performance is less 
straightforward. In general, simple cognitive performance has been noted 
to improve in subjects given stimulants; performance on simple repetitive 
tasks which typically elicit fatigue and boredom is improved (Smith, 
et al., 1963; Weitzner, 1965), fewer errors are found on tests of simple 
math (Forrest, et al., 1967), and higher scores are recorded on speeded 
tests of verbal ability (Vaness & Brown, 1966; McDonald, 1972)o Learning 
also appears to be improved with stimulants (Lal, et al., 1972); evidence 
exists for greater retention of visual information (Vojtechovsky & 
Safratova, 1971; Hurst, et al., 1968) and an enhanced ability to learn to 
read and understand a foreign language, specifically Chinese (Kupietz, 
et alo, 1980)o 

Limited evidence exists to indicate that more complex cognitive 
performances are unaffected by stimulants. No enhancement of short-term 
memory skills has been found (Mohs, et al., 1978) and amphetamines have 
been found to have no effect on performance tests requiring higher level 
cognitive functioning such as is used in calculus (Barmack, 1940). Most 
of the positive effects of amphetamines on cognitive performance are 
generally attributed to the drug•s ability to enhance attention and 
alleviate boredom on simpler repetitive tasks rather than enhance 
thinking and judgment in complex cognitive tasks (Frowein, 1981). 

With respect to communicative performance, stimulants increase the amount 
of talking in a social situation (Griffiths, et alo, 1977)o 
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To summarize, stimulants generally enhance human performance. In 
nonfatigued subjects several motor, cognitive, and communicative skills 
are enhanced. In fatigued subjects, attentional and motor capabilities 
are returned to at least normal range. The generally positive 
performance effects of stimulants undoubtedly account for their 
popularity among college students, long-distance truck drivers, and 
athletes. 

The effects of chronic use of stimulants are several. Tolerance develops 
quickly (approximately two to four weeks if used daily) and therefore 
increasing doses must be administered to achieve the same behavioral 
effects. Tolerance is thought not to occur, however, with cocaine {Van 
Dyke & Byck, 1982). Sleep disturbances occur with stimulant abuse; 
prolonged abuse also leads to physical damage, massive depression when 
the effects wear off {suggestive of physiological withdrawal), compulsive 
repetitive behavior and paranoid psychosis that is indistinguishable from 
naturally occurring psychotic disorders. 

SEDATIVES 

The sedatives are the most commonly physician-prescribed drugs, and 
although they differ somewhat in chemical composition and site of action 
in the body, all drugs in this class are central nervous system 
depressants. Familiar sedatives are the barbiturates, the anxiolytics or 
minor tranquilizers, ethanol, and the general anaesthetics. At low 
doses, all of these drugs are capable of producing behavioral 
disinhibition and euphoria. At higher doses, each of them produces 
drowsiness, and can induce unconsciousness if taken in sufficient amounts 
(Julien, 1981). 

The drugs in this class which are most likely to be used by employed 
individuals are the minor tranquilizers, the barbiturates, and alcohol. 
The effects of alcohol on human performance are discussed in Section 7. 
The action and effects of the minor tranquilizers and the barbiturates 
are described below. 

Anxiolytics 

Included in the minor tranquilizers are the benzodiazepines and the 
dicarbamate derivatives. There are over 2,000 benzodiazepine compounds; 
the ones most commonly prescribed are diazepam ("Valium" ), 
chlordiazepoxide ("Librium11 

), and flurazepam ("Dalmane" ). Among 
the dicarbamates, meprobamate (11 Miltown•• or ••Equanil 11 

) is the most 
widely prescribed. For the purposes of the following discussion, all of 
these will be referred to as minor tranquilizers or by commonly known 
brand names. These drugs are effective in the treatment of tension, 
anxiety, and psychosomatic disorders. They are also used for treatment 
of alcoholism and phobic states (Gaston&. Walker, 1981). Valium is 
prescribed for symptomatic relief of anxiety and tension, alleviation of 
the symptoms of acute alcohol withdrawal, relief of muscle spasms, 
treatment of convulsive disorders, alleviation of pre-surgical anxiety, 
and as a hypnotic (sleeping pill). Standard doses for these purposes 
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range from 2 to 10 mg.~ taken orally 2 to 4 times daily. In some cases 
the drug is administered by injection intramuscularly or intravenously in 
doses ranging from 2 to 15 mg. (Physician's Desk Reference, 1982). By 
this route of administration, Valium has a more rapid effect and 
reaches blood levels approximately three times faster than those obtained 
by oral ingestion (Hillestad, et al., 1974; Orr, et al., 1976). 
Dalmane is prescribed specifically as a sleeping pill (i.e., 
hypnotic). Standard doses are 15 or 30 mg., taken orally at night before 
retiring. Miltown is prescribed for relief of anxiety and tension and 
for promotion of sleep in anxious, tense patients. The usual dosage is 
1200 to 1600 mg. per day, administered orally in 3 or 4 doses 
(Physician's Desk Reference, 1982). 

The effects of the minor tranquilizers on sensory functioning have not 
been extensively investigated. Several studies indicate that 5 mg. or 
more of Valium will slow the rate at which neurons in the eyes, optic 
nerve, and bra1n fire, indicating that vision may be impaired 
(Kleinknecht & Donaldson, 1975; Morland, et al., 1974; Haffner, et al., 
1973). This decreased sensitivity has been found to last for one and 
one-half hours or more following drug administration. Tests of hearing 
also indicate that Valium slows the rate at which aural neurons fire, 
for up to two and one-half hours after ingestion of the drug, suggesting 
that hearing sensitivity is decreased (Healy, et al., 1970). 

Results of one study showed that the minor tranquilizers can slow the 
rate at which the eyes adapt to the dark for up to five hours after 
administration, at standard dose levels, and that the ability to 
accurately discriminate between objects in bright counter-light (such as 
the ability to see objects in the road at night even when headlights of 
an oncoming car are in your eyes) is also impaired. These findings 
suggest that minor tranquilizers produce some visual and auditory 
disruptions. 

Vigilance performance is impaired to a greater extent than visual and 
auditory performance. Performance decrements are found with 5 to 10 mgs. 
of Valium on a variety of tests such as tests of the ability to detect 
signals presented briefly against a background of distracting lights or 
sounds. Performance on tests requiring the ability to continuously scan 
information presented and to select a particular type of information 
(e.g., the letter 11 X11 among columns of letters or sets of four dots among 
clusters of any number of dots) is also impaired by Valium (Hart, 
et al., 1976; Wittenborn, et al., 1979; Bernheim & Michiels, 1973; 
Clarke, et al., 1970). These findings indicate that the ability to 
sustain attention and concentration decreases following ingestion of 
minor tranquilizers even in prescribed dose levels. 

The effect of minor tranquilizers on reaction time is influenced by the 
dose given and individual tolerance to the drug. In general, low (5 to 
10 mg.) doses do not appear to affect simple reaction time whether 
administered once only or over a period of several days {Bernheim & 
Michiels, 1973; Tansella, et al., 1974; Ghoneim, et al., 1975; Ghoneim, 
1975). Choice reaction time (i.e., reaction time requiring 
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decisionmaking) is affected when the individual has not been taking minor 
tranquilizers or is given higher doses than normally prescribed. When 
minor tranquilizers are chronically used at low doses, no changes in 
either speed of reaction or number of response errors have been found 
(Seppala, et al., 1976; Bernheim & Michiels, 1973; Ghoneim, et al., 1975, 
1981; Landauer, et al., 1974; Bond & Lader, 1973). 

Standard or low doses do not appear to significantly impair most motor 
performance. Neither simple motor control nor more complex behaviors 
have been found to be impaired, as discussed below. 

Speed of physical movement is not affected by low doses of minor 
tranquilizers. Tests of the speed with which individuals are able to tap 
a pencil or press a key show that subjects given minor tranquilizers were 
able to tap as quickly as subjects given a placebo (Bernheim & Michiels, 
1973; Milner & Landauer, 1973; Bond & Lader, 1973; Ghoneim, et al., 1975, 
1981; Jaattela, et al., 1976; Hart, et al., 1976). 

Tests of eye-hand coordination have also shown no minor tranquilizer­
induced performance decrement. For example, when subjects were asked to 
maintain contact between a stylus and point on a rotating disc or to 
track a spot of light on a video screen with a toggle stick, their 
performance was unimpaired with doses of 5 to 10 mg. of Valium 
(Haffner, et al., 1973; Morland, et al., 1974; Kleinknecht & Donaldson, 
1975; Linnoila & Mattila, 1973). 

A review of the literature on simulated driving experiments yielded mixed 
results (Kleinknecht & Donaldson, 1975). For example, Milner and 
Landauer (1973) administered 10 mg. Valium to subjects and found no 
effect on simulated driving performance. Ourrman and Norman (1975) gave 
subjects 15 mg. Valium the day before the experiment, and one hour 
before the experiment, subjects were given 5, 10, or 20 mg. No 
significant differences were found between drugged subjects and controls. 

Significant Valium effects on simulated driving performance, however, 
have been found. Practiced subjects (i.e., subjects who are familiar 
with the task) were given 10 mg. Valium 30 minutes before the 
experiment. Drugged subjects drove faster, neglected instructions more 
frequently, and caused more collisions than did subjects given a placebo, 
but evidenced no decrease in their ability to stay on the road (Linnoila 
& Hakkinen, 1974). 

Minor tranquilizers appear to have their greatest effects on learning 
and, to some extent, memory. Substantial evidence exists to suggest that 
tranquilizers impair learning, but do not interfere with the ability to 
retrieve information from memory once it has been stored. 

Studies of the effects of minor tranquilizers on short-term memory (i.e., 
retrieval of information presented seconds or a few minutes beforehand) 
indicate that these tranquilizers do not impair recall or recognition if 
the information was first presented when the subject was in a non-drugged 
state and asked to retrieve it while drugged. If the subject was under 
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the influence of a tranquilizer when originally presented with words, 
digits, or pictures to remember, then retrieval was impaired (Ghoneim, 
et al., 1981, 1975; Liljequist, et al., 1978; Ghoneim & Mewaldt, 1975). 

Long-term memory is not impaired by tranquilizers. Recall and 
recognition for words, digits, and pictures are unaffected by standard 
doses of these sedatives (Petersen & Ghoneim, 1980; Ghoneim & Mewaldt, 
1975; McKay & Dundee, 1980; Brown, et al., 1978). 

As indicated earlier, learning is impaired by minor tranquilizers. Minor 
tranquilizers can induce amnesia for events as well as for words and 
digits (Clark, et al., 1979; McKay & Dundee, 1980). Subjects given 
tranquilizers and asked to memorize a series of digits or pairs of words 
require significantly more exposure to the material to learn it perfectly 
than subjects given a placebo (Liljequist, et al., 1978; Ghoneim, et al., 
1975; Petersen & Ghoneim, 1980). These findings suggest that 
tranquilizers impair the ability to store new information in memory. 

Barbiturates 

Although barbiturates and minor tranquilizers are chemically dissimilur, 
most of the effects of clinical doses of barbiturates on human 
performance are highly similar to the effects of larger doses of minor 
tranquilizers. The primary medical uses of barbiturates are to produce 
sedation or sleep and to prevent epileptic seizures. At therapeutic 
doses, the barbiturates depress the transmission of nerve impulses across 
the synapses in the arousal centers of the brain. At larger doses, all 
neurons in the body are affected and activity in the muscles, heart, and 
other organs of the body is decreased. 

Barbiturates impair the ability to sustain attention. Results of several 
studies indicate that the number of errors subjects make on vigilance 
tasks is increased when they are drugged (Hutt, 1968; Hart, et al., 1976; 
Lehembre, 1963). 

Little research has been conducted to investigate the effects of the 
barbiturates on perception. One study of the effects of secobarbital on 
smooth pursuit eye movements showed that the eyes' ability to track a 
moving object is disrupted at therapeutic doses (Holzman, et al., 1975). 
This finding suggests that the ability to monitor dials or gauges may be 
impaired with barbiturate use. The effects of barbiturates on the other 
senses, however, are unknown. 

Unlike the minor tranquilizers, therapeutic doses of barbiturates slow 
reaction times. Studies of simple reaction time show that response speed 
decreases under the influence of barbiturates (Blum, Stern & Melville, 
1964; Tharp, et al., 1974; Goldstein, et al., 1960; Hart et al., 1976). 
A study of choice reaction time found that barbiturates decreased overall 
reaction speed, but did not increase the number of errors the subjects 
made (Rundell, et al., 1978). 
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As found with the minor tranquilizers, the effects of barbiturates on 
psychomotor performance depend upon the size of the dose administered. 
At the dose levels prescribed by physicians, simple motor performance is 
not noticeably affected (e.g., finger or toe tapping), but it is impaired 
when the dose level is increased (Dalton, et al., 1975; Hart, et al., 
1976; Epstein and Lasagna, 1968; Klerman, et al., 1960). 

More complex tests of psychomotor performance, however, show barbiturate 
induced performance decrements at therapeutic dose levels. Performance 
on tests of eye-hand coordination is impaired with barbiturates. 
(Klerman, et al., 1960; Billings, et al., 1975). Dalton and his 
associates (1975) also found barbiturate-induced decrements in manual 
dexterity. 

Studies of the effects of barbiturates on cognitive abilities indicate 
that the barbiturates have a much greater effect on cognitive abilities 
at therapeutic dose levels than do the minor tranquilizers. Memory, 
learning, and reasoning abilities have all been shown to be impaired by 
barbiturate use. 

Most studies of the effects of barbiturates on memory and learning have 
focused on the effects of barbiturates on short term memory, which is the 
ability to retain information for seconds or minutes after it is 
presented. The ability to recall word lists and lists of digits 
decreases with therapeutic doses of barbiturates, as does the ability to 
recognize words previously presented from among lists of similar words 
presented as distractors (Rundell, et al., 1978; Evans & Davis, 1969; 
Hurst, et al., 1968; Malpas & Joyce, 1969; Hart, et al., 1976; Adams, 
1974; Epstein & Lagasna, 1968; Hutt, et al., 1968; Blum, et al., 1964). 

Barbiturate effects on long-term memory, or the ability to retain 
information for hours, days or longer, have received much less attention 
in the literature. Results of one series of studies {Rundell, et al., 
1978) indicate that long-term memory is adversely affected by 
barbiturates. These researchers found that the ability to recognize 
words presented several hours earlier from among a list of distractors 
was impaired by secobarbital, a short-acting barbiturate. The ability to 
search memory for items of information was not reduced by secobarbital, 
but the experimental subjects were less able to differentiate the actual 
words previously presented from distractors than were subjects given a . 
placebo. This finding suggests that the words were inaccurately or 
incompletely stored in memory by the subjects when they first were 
presented. 

Results of several studies of the effects of barbiturates on reasoning 
indicate that the ability to solve problems is impaired by therapeutic 
doses of these drugs. A number of researchers have found that the 
ability to perform arithmetic operations is decreased with barbiturates 
(Epstein & Lasagna, 1968; Klerman, et al., 1960; Blum, et al., 1964). 
The time required by the experimental subjects to solve the arithmetic 
problems increased as did the number of their errors. 
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Other studies of barbiturate effects on higher mental functioning have 
primarily been conducted with persons who have epilepsy or other seizure 
disorders. Since repeated seizures are thought to produce permanent 
brain damage and to impair congitive functioning, it is difficult to 
separate the effects of the convulsions from the effects of 
anticonvulsant drugs on the reasoning abilities of persons who both take 
the drugs and suffer from seizure disorders. Studies of persons who take 
barbiturates but who have had few seizures, or studies which attempt to 
separate drug effects from seizure effects with statistical techniques 
have found deterioration in cognitive functioning associated with 
long-term use of barbiturates (Thompson, et al., 1980). Both overall 
school performance in children and performance on IQ tests of children 
and adults have been shown to decrease as blood levels of the 
barbiturates increase (Trimble & Corbett, 1978; Reynolds & Travers, 
1974). Because these studies were conducted with special populations and 
the researchers could not control the doses of barbiturates given, it 
cannot be concluded that the barbiturates caused the deterioration noted 
or that these same effects would be found with other subjects. These 
findings do suggest, however, that therapeutic doses of barbiturates may 
impair reasoning abilities. 

Barbiturates also affect communicative skills. Persons who have been 
given therapeutic doses of barbiturates both speak less in a social 
situation and speak slower than persons given a placebo. The drugged 
subjects' thought patterns, as demonstrated by the content of their 
speech, were unaffected, however, (Hutt, et al. 1968; Stitzer, et al., 
1981). These findings suggest that performance at any job which requires 
communication skills will be impaired. 

Summary 

To summarize, sedatives when taken at standard dose levels are found to 
produce the following effects: 

1 Performance decrements due to sedative ingestion have been 
found for perceptual/sensory tasks; auditory and visual 
capacity is less sensitive to input; however, the most 
pronounced effect found is for performance decrements in 
sustaining attention and concentrating on tasks requiring 
vigilance. 

1 Some types of motor performance are affected by sedatives 
(i.e., choice reaction time) but performance decrements 
disappear when sedatives are chronically used; other motor 
skills such as eye-hand coordination, complex driving 
tasks, etc., show no decrements due to low doses of minor 
tranquilizers, but are impaired by barbiturates. 
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• Cognitive performance, in particular the learning of new 
material, is impaired; when learning occurs in a sedated 
state, subjects show significant impairment in their 
ability to evidence the learning and to retrieve or recall 
the information at a later point in time. 

• Communicative skills are not likely to be adversely 
affected by low doses of minor tranquilizers, but are 
impaired due to barbiturates. 

Interactive Effects of Sedatives 

To examine the interactive effects of sedatives, some further discussion 
of the effects of sedatives on the central nervous system is useful. 
Their effects are dose-dependent, with a progression with increasing dose 
as follows: anxiety reduction -.+- disinhibition -+ sedation ~ 
hypnosis (sleep) ~ general anesthesia ...... coma~ death (Julien, 
1981). They are most effective when their use is time-limited {i.e., 
used for 1 to 8 weeks and then stopped until symptoms recur) (Julien, 
1981). Nonetheless, it has b~ estimated that two million persons in 
the United States take ValiumQY continuously (Jick, 1974, cited in 
L innoila, 1976). 

When combined with other central nervous system depressants such as 
alcohol or other drugs within the class of sedatives, sedatives are 
referred to as having 11 potentiating11 effects rather than being simply 
additive as with marijuana and alcohol. The significance of the 
potentiating interaction of sedatives has greatest bearing on multiple 
substance abuse. For example, the individual who has a standard dose of 
a sedative and then a drink or two at lunch will experience an effect 
that is greater than the simple addition of one unit of effect due to the 
sedative, plus two units of effect due to the alcohol. _(The 
unpredictability of one sedative in particular, ValiumQ9 has been noted; 
the interactive effects are so unpredictable that the combination of one 
drink and one standard dose has been known to cause death.*) 

Performance decrements due to sedative interaction effects have not been 
covered in the scientific literature. It is likely, however, that the 
effects on performance noted above would become more severe when two 
different sedatives are taken together. Also, the course of events 
outlined above clearly suggests that attention and learning would be 
significantly impaired with increasing doses of sedatives as individuals 
progress toward a hypnotic condition. 

*Rose, Mitchell. lecture given for Association for Advanced Training 
in the Behavioral Sciences, Los Angeles, California, March 1982. 
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HALLUCINOGENS 

Hallucinogens consist of a variety of drugs that distort sensory 
perceptions, thought processes, and behavior. It is thought that these 
drugs operate on, and highly resemble, naturally occurring chemiCals in 
the brain (Julien, 1981). It is expected that this class of drugs will 
be used on the job only rarely; consequently, the review of their effects 
on performance is limited in scope and detail. 

Four groups of hallucinogens have been identified on the basis of their 
effect on particular chemical substances within the brain. The first of 
these, the ''anticholinergics'' (e.g., atropine, scopolamine, malathion) 
are highly toxic and produce severe side effects. Many insecticides such 
as malathion are rarely used except by seriously debilitated drug 
abusers. Consequently, they are not addressed here, since few of the 
abusers are likely to be employed. 

The second group of hallucinogens, the catechols, includes peyote, 
mescaline, and synthetic mescaline agents such as MDA and MMDA. The most 
pronounced effects associated with the use of these substances are the 
marked distortions in perception of light, color, space, and shapes. 
Users are typically alert and give no evidence of memory loss. Ingestion 
of large doses (i.e., 200 to 500 mg. for mescaline), however, may lead to 
severe muscle spasms (Julien, 1981). 

Third, the indole group consists of LSD, psilocybin, and morning glory 
seeds (ololiuqui). While users seldom experience serious physical 
effects, they frequently encounter dramatic changes in mood and sensory 
perception (Gaston & Walker, 1981). Actual effects are apt to vary, 
depending on the user's expectations, amount of drug ingested, 
personality, and setting. In general, effects include an altered sense 
of time, space, touch, color, and blurred vision and hearing. With 
higher doses (i.e., 5 to 15 mg. for psilocybin and 200 to 500 mg. for 
LSD), one experiences mood fluctuations (euphoria, fear, hostility), 
problems in speaking clearly, visual hallucinations, confusion, and 
impairment of thought processes. A decline in motor function and 
increased sleepiness are also linked w1th psilocybin use. Although rare 
and unpredictable, flashbacks may occur up to one year after use of LSD. 

Finally, use of the hallucinatory anaesthetics (the most common being 
PCP) is linked with general confusion, spatial disorientation, 
aggressiveness, and feelings that one has great physical strength or that 
one is about to die (Gaston & Walker, 1981). The user may experience 
trouble breathing and, at higher doses, become unconscious. There is, in 
addition, little sense of pain. Although long-term and behavioral 
effects are quite unpredictable, the anaesthetics are considered to be 
the most dangerous of hallucinogens, possibly resulting in permanent 
brain damage. 

Overall, the occasional use of hallucinogens has not been shown to result 
in physical addiction, chromosomal damage, anti-social behavior, or 
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long-term psychological disorientation (Gaston & Walker, 1981). Use of 
hallucinogens on the job, however, presents a severe safety danger and 
would preclude effective job performance for any employee. 
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Appendix D 

Impairing Effects of Alcohol on Human Performance 

Alcohol has been found to impair performance on a wide variety of tasks, 
ranging from simple motor reflex responses to higher-level 
problem-solving. Early inconsistencies in the experimental literature 
suggesting that large doses of alcohol improve performance have been set 
to rest. It is now accepted that alcohol produces performance 
decrements, some of which begin to appear at very low doses. 

About 95% of the alcohol consumed is metabolized in the liver where it is 
changed to water and carbon dioxide before excretion. The rate at which 
alcohol is metabolized is slow and constant: about one-third ounce of 
pure ethanol per hour in the average adult. This metabolic rate is 
unaffected by the amount consumed, blood alcohol concentrations (BAC), or 
the consumption of food or other liquids (Wallgren & Barry, 1970; AMA 
Committee on Medicolegal Problems, 1970; Jones, 1978; Julien, 1981). 

Like the sedatives, alcohol is a central nervous system depressant. At 
low doses, alcohol creates mild euphoria and behavioral excitement. This 
response has been interpreted by some as evidence that inhibitory 
synapses are depressed before excitatory ones, creating the state of 
disinhibition and arousal commonly noted after drinking begins (Julien, 
1981; Perrine, 1974). With increasing doses, behavioral activity is 
progressively reduced to the point of coma or death. 

Individual differences affect the onset of behavioral disruption due to 
alcohol consumption. Greater body weight, a slow speed of consumption, 
and physical tolerance to alcohol raise the BAC at which substantial 
behavioral disruption occurs. In general, however, disruption in human 
performance occurs at relatively low doses. Some behavior, for example, 
the ability to perceive movement (Jellinek & McFarland, 1940; Levine, 
Greenbaum & Notkin, 1973; Jones, 1978) is affected after as few as two 
drinks (SAC = .03%) in the average American male, who weighs 172 pounds 
(The National Observer, 1976). In general, motor behaviors are impaired 
before cognitive abilities and recover later than cognitive skills, as 
the blood alcohol concentration rises, then falls, following alcohol 
ingestion. In the following discussion, BAC will be discussed in terms 
of the number of drinks required for the average American male. 

The impact of alcohol on sensory/perceptual performance will be discussed 
first. Alcohol affects some visual capacities after one to two drinks 
and continues even after all alcohol has been removed from the body. 
Other visual and sensory/perceptual abilities are unaffected until high 
doses of alcohol. 

Accurate perception of motion is impaired at low alcohol doses. Alcohol 
reliably induces positional nystagmus, or rapid and uncontrollable 
oscillations of the eye, as early as 15 minutes after ingestion and the 
nystagmus lasts up to 18 hours after the first drink is taken (Jones, 
1978; Carpenter, 1962). Alcohol-induced nystagmus interferes with the 
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ability to fix and maintain visual focus on any moving target (Levy, 
et al., 1980). 

The threshold at which a rapidly blinking light is seen as a steady light 
decreases with alcohol ingestion; perception of rapidly changing events 
in a visual field may be impaired (Enzer, et al., 1g44; Goldberg, 1943). 
Further, the ability to distinguish close, but separated, moving objects 
is impaired after one to two drinks {Honneger, Kampschulte & Klein, 
1970). Visual acuity for unchanging events is not significantly affected 
until after at least four to five drinks. Distinguishing close but 
separated, unmoving objects is affected after less than four to five 
drinks (Newman & Fletcher, 1g41; Mortimer, 1963). 

Discriminating different light intensities is impaired significantly at 
low (one to two drinks) and moderate (four to five drinks) doses 
(Carpenter, 1962). However, depth perception, peripheral vision, 
perception of colors, and dark adaptation are not affected until six to 
seven drinks are consumed {Zwahlen, 1976; Lewis, Dustman & Beck, 1969; 
Lewis, lg72; Moskowitz, 1g74; Newman & Fletcher, 1941; Carpenter, 1962). 

Substantial doses of alcohol are necessary to significantly impair 
auditory and olfactory perception (Jellinek & McFarland, 1940; Carpenter, 
1962). Alcohol, as a painkiller (analgesic), has been found to reduce 
sensitivity to pain, but not decrease sensitivity to touch. 

Attention to simple auditory and visual vigilance tasks is unaffected by 
alcohol (Tal land, et al., 1964; Moskowitz & DePry, 1968; Pearson & Neal, 
1970). Vigilance performance on tasks requiring divided attention is 
impaired after four to five drinks (Moskowitz & Burns, 1971; Moskowitz & 
OePry, 1968; Moskowitz & Roth, 1971). Divided attention tasks require 
the subject to discriminate between incoming stimuli and to respond 
differentially to the stimuli. Other visual vigilance tasks have shown 
significant performance decrements because of alcohol-induced drowsiness 
(Erwin, et al., 1978). 

In general, then, studies of attention and perception suggest that 
performance on tasks which require perceptual acuity and simple sustained 
attention are not significantly reduced with low and moderate doses of 
alcohol. The ability to monitor continuously and respond to rapidly 
changing events will begin to deteriorate at low doses, however. After 
six drinks have been consumed, performance on even simple perception and 
attention tasks is impaired. 

Increases in simple reaction time are found consistently with alcohol 
ingestion (Carpenter, 1962; Jellinek & McFarland, 1940; Taberner, 1980; 
Linnoila, et al., 1978; Zwahlen, 1976). After four to five drinks, 
response speed to visual stimuli slows; response time to peripheral 
visual stimuli is impaired with even fewer drinks (Carpenter, 1962; 
Lubin, 1977). Auditory simple reaction time is similarly impaired _ 
(Dettling, 1956; Forbes, 1947; Howells, 1956). Reaction time decrements 
are intensified by increasing alcohol consumption. Greater impairment of 
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reaction time occurs when blood alcohol concentration is increasing than 
when the blood alcohol concentration is decreasing (Young, 1970). 

Visual and auditory choice reaction time (i.e., requires decision with 
regard to response to two or more stimuli) increases with alcohol; 
accuracy of response significantly decreases with continued drinking 
(i.e., the blood alcohol concentration is r1sing) (Linnoila, et al., 
1978; Jones, 1978; Rundell, et al., 1978; Pearson & Neal, 1970; Tharp, 
et al., 1974). The speed required to make a correct response is slowed 
more than the speed with which incorrect responses are made (Jennings, 
et al., 1976; Rundell & Williams, 1979). These increased reaction times 
occur after three to four drinks. 

Alcohol affects simple motor responses after three to four drinks. 
Nearly all individuals demonstrate significant decreases in standing 
steadiness after six to seven drinks (Jones, 1978). Simple finger and 
toe tapping speed also decreases (Carpenter, 1962). 

Eye-hand coordination is severely disrupted by alcohol after six or seven 
drinks. Handwriting clarity, error-free typing, and target shooting are 
all impaired by alcohol intoxication, although typing of an overlearned 
passage was only impaired when blood alcohol concentrations were rising 
rather than falling (Rabin & Blair, 1953; Schweitzer, 1955; Prag, 1953; 
Eggleton, lg41; Newman, 1947; Newman & Abramson, 1941). 

Much research on motor performance investigates the effects of alcohol on 
tracking tasks. Tracking tasks require the subject to track manually a 
moving target by manipulating a stylus or toggle switch, a skill 
necessary for successful driving and success at many video games. 
Performance on simple tracking tasks is not impaired at low doses of 
alcohol, or fewer than three drinks. Time on target decreases 
significantly with consumption above three drinks and as the complexity 
of the task increases (Oott & McKelvy, 1977; Vogel-Sprott, 1979; Pearson 
& Neal, 1970; Klein & Jex, 1975). As opposed to performance decrements 
found in perception and reaction time, performance on tracking tasks is 
unaffected by whether blood alcohol concentrations are rising or falling 
(Klein & Jex, 1975; Vogel-Sprott, 1979), but greater impairment has been 
noted when blood alcohol concentration is r~pidly rising rather than 
increasing at a slower rate (Eggleton, 1941). 

Driving behavior is a complex motor skill requiring significant cognitive 
input. The ability to respond with accurate and cognitively integrated 
actions is affected by alcohol consumption. Driving skills deteriorate 
after three to four drinks and sharply decline after four to five 
drinks. Impairment of performance on driving simulator tests shows after 
three to four drinks (Drew, et al., 1958; Loomis & West, 1958; Stening & 
Dureman, 1974). Real car driving at slow speeds on closed courses shows 
that backing up, steering accuracy, and parking skills are disrupted 
after one or two drinks (Bjerver & Goldberg, 1950; Huntley & Perrine, 
1971; Lovibond & Bird, 1970). Degraded performance is consistently 
demonstrated on closed course driving after three to four drinks 
(Coldwell, et al., 1958; Longhetti & Barnett, 1965). Response to 
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emergencies shows increased emergency braking distances and significant 
impairment of steering accuracy after two to four drinks {Laurell, 1977). 

Investigations of industrial tasks show the effects of moderate amounts 
of alcohol. Performance on a production assembly task of water taps 
shows that assembly time increased and quality of work decreased 
significantly after five to six drinks (Price & Hicks, 1979). The effect 
of six to seven drinks was evaluated on performance of three elements of 
an arc-welding task: (1) speed of electrode movement, (2) angle of 
electrode, and {3} electrical current reversals due to changes in the 
size of the gap between the electrode and the material used. Only 
stability in the maintenance of the electrode/material gap was impaired 
(Price & Liddle, 1982). Price and Flax (1982) also investigated the 
effects of two, three to four, and five to six drinks on the operation of 
a drill press. One drink showed no performance impairment, but the 
number of accurate hits decreased by 12% and 19% after three to four and 
five to six drinks, respectively. 

The effects of alcohol on memory and learning are complex. Alcohol can 
enhance or impair memory, depending upon the blood alcohol concentration 
and whether it is rising or falling, the state {either intoxicated or 
sober) of the subject at the time of learning or performance of the 
memory task, and the type of task employed. 

Small doses of alcohol may facilitate memory. Alcohol, given after 
material is learned, appears to facilitate consolidation of memory 
traces. Recognition of material presented improves after two to four 
drinks (Parker, et al., 1981, 1980). Most other studies of alcohol and 
memory, however, show that alcohol disrupts memory processes. Alcohol 
produces performance deficits in recall and recognition tasks for both 
short-term and long-term memory. 

Short-term memory of verbal and visual information is impaired after five 
drinks (Birnbaum & Parker, 1977; Ryback, 1977; Craik, 1977; Rundell & 
Williams, 1977), though it is unaffected by rising versus falling blood 
alcohol concentration (Jones & Jones, 1977). A more pronounced effect 
occurs when complex material is involved (Weingartner & Murphy, 1977; 
Craik, 1977). 

Retrieval of information from long-term memory is disrupted by alcohol. 
Free recall and recognition performance are impaired when learning and 
retrieval occur under the influence of alcohol {Rundell, et al., 1978). 
Cued recall tests show that retrieval deficits can be overcome if cues 
are given to intoxicated subjects (Poulos, et al., 1981; Birnbaum & 
Parker, 1977). These findings suggest that the information has been 
stored in the memories of intoxicated subjects, but that alcohol 
interferes with their abi 1 ity to 11 locate 11 it. 

Memory processes with alcohol are state-dependent, i.e., depend on what 
state (sober or intoxicated) the subject is in when learning or 
retrieving information. A review of the literature on state-dependent 
learning and memory (Eich, 1977) notes the following: 
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• Retrieval is more impaired when material is learned in one 
state and tested in another, than when it is learned and 
tested in the same state. 

• Moderate doses of alcohol (five to six drinks) produce the 
largest state-dependence effP.cts on learning or test 
performance. 

• Information transfers better when learned sober and 
retrieved under the influence of alcohol than when learned 
intoxicated and retrieved sober. 

• Tasks which require some cognitive processing or 
organization and which require the use of order information 
are most subject to state-dependence effects. 

However, while retrieval of information can be somewhat improved if an 
intoxicated person originally acquired the information when intoxicated, 
retrieval deficits due to alcohol will still be found when comparing 
sober and intoxicated individuals. 

A lcohol•s most significant effect on memory and learning appears to be on 
the ability to organize new information in long-term memory when under 
the influence of alcohol. Long-term memory refers to information to be 
remembered for hours, days, or longer. Information is better retained 
when organized into meaningful clusters than when the items are 
unrelated, e.g., 11 2-4-6-8" versus 11 1-15-12-4.•• With repeated exposure to 
information, sober persons impose their own organization on even 
unrelated items, and retention improves (Murdock, 1974). Alcohol 
consumption of six or more drinks reduces the ability to organize 
information significantly (Rundell, et al., 1978; Rundell & Williams, 
1977; Parker, et al., 1974). Consequently, the amount of new information 
an intoxicated person will retain is decreased and the number of 
exposures to the information necessary to learn it will increase (Rundell 
& Williams, 1977). 

To conclude, these studies of learning and memory suggest that retrieval 
of even well-learned information may not be possible for persons 
performing under the influence of alcohol. Efficiency is reduced when 
time is spent looking for misplaced papers or tools; the proper sequence 
for carrying out standard tasks can be forgotten, or recollection of 
which tasks are complete and which are not can be impaired. Finally, 
alcohol is particularly likely to interfere with learning and retaining 
complex information. 

Higher-order problem-solving abilities are more resistant to alcohol•s 
effects than simpler cognitive and motor processes. Greater alcohol 
consumption is necessary to produce impairments in reasoning and normal 
functioning is restored more quickly once the BAC begins to fall, than it 
is for simpler tasks. Complex problem-solving ability does deteriorate 
with moderate doses of alcohol, however, and when considered in 
conjunction with the learning and memory research, this suggests that 
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problem-solving ability and the ability to think in an ordered, logical 
manner may be adversely affected by alcohol. 

Alcohol effects on reasoning tasks depend on the type of task involved 
and whether blood alcohol concentrations are rising or falling. For 
example, numerical reasoning is impaired with small doses of alcohol. 
Mental addition, subtraction, and division tasks are impaired after three 
drinks; more errors are made and performance is slowed also (Goldberg, 
1943; Takala, et al., 1958; Duker, 1956; Zirkle, et a1., 1959; Zirkle, 
et al., 1960; Frankenhaueser, et al., 1962; Lewis, et al., 1969). 

Verbal reasoning and abstraction is less impaired at low doses than 
numerical reasoning. Performance decrements do show after six to seven 
drinks, and are only found when blood alcohol levels are rising. Even 
after six or more drinks, if the BAC is falling, verbal reasoning and the 
ability to form and use abstract concepts are not impaired (Jones & Vega, 
1972; Pohl, 1978; Frankenhaueser, et al., 1962). 

A study of linear problem-solving, requiring the use of a mathematical 
language to solve logic problems, shows low doses (three to four drinks) 
facilitate performance; higher doses {six to seven drinks) impair 
performance. Alcohol does not interfere with the correct use of 
mathematical language, but at the higher doses, problem-solving 
efficiency is reduced. 

Another aspect of cognitive performance, judgment, shows performance 
decrements due to alcohol in two areas: willingness to take risks, and 
judgments about one's own or others' degree of alcohol-induced 
impairment. Intoxicated individuals are willing to take greater risks 
than sober persons. Alcohol increases the willingness to take risks in 
card games or other wagering situations (Wallgren & Barry, 1970). 
Alcohol impairs passing judgment on tests of driving skill (Light & 
Keiper, 1971), and increases acceptance of risk in other types of driving 
situations (Cohen & Hansel 1958; Linnoila & Mattila, 1973; Lewis & 
Sarlanis, 1969). Inexperienced drinkers are more 1 ikely to take 
increased risks when intoxicated than experienced drinkers (Goodwin, 
Powell & Stein, 1973). The above studies look at risk-taking effects 
after six to seven drinks. 

Alcohol also impairs the ability to judge accurately the effects of 
alcohol on self-awareness and judgments of others. Judgments of one's 
own response speed on a reaction time task is increasingly inaccurate 
after four to six drinks. Self-awareness of performance is diminished 
also (Lubin, 1977; 1979). Further, intoxicated subjects are also less 
able to judge accurately others• performance levels and their degree of 
intoxication. Inexperienced drinkers are more impaired on these judgment 
tasks than experienced drinkers (Lubin, 1979). 

The findings of inaccurate judgment and greater willingness to risk 
suggest that under the influence of alcohol individuals may feel 
comfortable in violating procedures or be less cautious in their 
behavior, in general. Also, evidence of reduced self-awareness when 
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moderately intoxicated suggests that individuals may not be aware of 
their performance decrements. 

The peak effects of an alcohol/sedative combination occur within the 
first hour after both are ingested. Some evidence exists to suggest that 
alcohol accelerates the absorption rate of sedatives (Linnoila & Mattila, 
lg73). Even if sedatives are taken up to ten hours before alcohol is 
consumed, effects of the combination are still observable {Linnoila, 
1976). 

Alcohol/sedative combinations significantly impair motor performance. 
Eye-hand coordination is decreased and reaction time greatly increased 
under the influence of low doses of these two drugs (Linnoila & Mattila, 
1973). In studies of simulated driving, subjects taking alcohol and a 
sedative were involved in more collisions, drove off the road more 
frequently, and ignored driving rules more often than persons taking 
either substance alone (Linnoila & Haakkinen, 1974; linnoila & Mattila, 
1973). Alcohol/sedative combinations also affect learning and memory. 
In particular, they disrupt short-term memory and performance on simple 
learning tasks (Liljequist, et al., 1975). 

Alcohol and sedatives are said to potentiate each other. As discussed in 
the sedative section (Section 5.5), potentiating interactions occur when 
the effects of dose combinations are more than simply additive. 
Therefore, with even small doses of both alcohol and sedatives taken in 
combination the behavioral effects include unsteadiness, disorientation, 
impaired judgment of intoxication, deficits in attention, and motor 
performance capabilities. 

Different effects are found for alcohol/marijuana combinations. 
Marijuana, though not a central nervous system depressant, induces 
behavior effects similar to those found with alcohol (Julien, 1981). 
Unlike the alcohol/sedative combination, marijuana and alcohol do not 
combine synergistically, i.e., consumption of marijuana will not 
potentiate alcohol 1 S action or vice versa. They do, however, impair 
performance to a greater extent than if either alcohol or marijuana is 
consumed alone. The combination particularly affects motor performance. 
Several studies note substantial decreases in standing steadiness and 
eye-hand coordination, and increased reaction times due to the 
combination {Bird, et al., 1gao; Manno, et al., 1971; Reid, et al., 1972; 
Macavoy & Marks, 1975). 

Cognitive performance is also affected by alcohol and marijuana taken 
together. Numerical reasoning, or the ability to add and subtract 
quickly without errors, is debilitated by the combination (Chesher, 
et al., 1g77; Belgrave, et al., 1g7gb). In general, the combination of 
these two drugs significantly affects all aspects of human performance. 
Any ability which is negatively impacted by either drug alone will also 
be impaired by the combination. 

Long-term use of moderate amounts of alcohol (up to two ounces of pure 
ethanol per day) produces few permanent physical or behavioral changes. 
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Long-term use of large amounts of alcohol is both physically and 
psychologically debilitating. Disorders associated with chronic alcohol 
abuse include dysfunctions of the heart, liver, gastrointestinal tract; a 
predisposition toward cancer; brain damage; and apparent permanent 
impairment of the higher mental functions, such as memory, reasoning, and 
judgment. Chronic alcohol abuse is characterized by tolerance to the 
effects of alcohol and the development of physical dependence upon it. 
Tolerance occurs with regular ingestion of large amounts. Increasing 
doses are required to produce the physical and behavioral effects of 
acute intoxication. Physical dependence occurs when withdrawal of 
alcohol produces motor tremors, a state of hyperexcitability, sleep 
disorders, confusion and disorientation, and sometimes convulsions and 
death. 
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