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I am Bryan D. Hardin, Deputy Director of the Division of Standards 
Development and Technology Transfer of the National Institute for 
Occupational Safety and Health (NIOSH). ~ith me today are senior staff 
from NIOSH. NIOSH has reviewed the Occupational Safety and Health 
Administration (OSHA) proposed rule on occupant protection in motor 
vehicles and provides information in this testimony that we hope will 
assist OSHA in developing a final standard. . 

I. INTRODUCTION 

NIOSH studies have shown that motor vehicle traffic accidents are the 
leading cause of occupational deaths due to traumatic injuries 
(Jenkins unpublished; Bell et al. 1990). The proposed rule would 
help reduce vehicle-related occupational deaths and injuries by 
requiring employers to ensure that workers use safety belts or 
motorcycle helmets while driving or occupying a motor vehicle on the 
job. Data on safety belt and motorcycle helmet use, summarized in 
this testimony, indicate that these safety devices are highly 
effective in preventing occupationally related motor vehicle deaths 
and injuries. 

Driver safety awareness training designed to promote the use of these 
safety devices, as well as familiarization with other vehicle safety 
systems, is an essential component in. achieving full compliance with 
safety belt and helmet use requirements. This training will help to 
promote safe driving by workers, both on and off the job. 

NIOSH also presents data in this testimony indicating that alcohol 
and drug use may playa role in occupationally related motor vehicle 
deaths and injuries. NIOSH strongly supports OSHA in proposing 
rulemaking in this area. 

II. NIOSH ESTIMATE OF DEATHS AND INJURIES 

A. Total U.S. Deaths 

NIOSH has determined, based on its National Traumatic Occupational 
Fatality (NTOF) data base, that motor vehicle traffic deaths are the 
leading cause of occupational deaths due to traumatic injuries 
(Jenkins unpublished; Bell et al. 1990). Analyses of the NTOF data 
base have identified an average of approximately 1310 work-related 
traffic deaths per year for the six-year period from 1980 through 
1985. This figure represents 20.1% of the total number of identified 
work-related deaths caused by traumatic injuries. 

The NTOF data base uses death certificates from each of the 50 states 
in the United States to enumerate occupationally related traumatic 
deaths. The NTOF numbers are dependent on the extent and validity of 
-information provided on the death certificates. ~ether a fatality 
is occupationally related is not always apparent because the work-
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relatedness criterion for cause of death is not standardized and 
there are no national guidelines or quality control mechanisms 
regarding the completion of this item on death certificates. The 
reliance on death certificate information in NTOF results in a strong 
likelihood that occupational causation will be underreported, 
particularly for motor vehicle-related deaths. For example, state­
specific studies in Massachusetts (MDPH 1989) and Colorado (CDH 1990) 
found that death certificates alone captured only 74% and 66%, 
respectively, of occupationally related motor vehicle deaths. 
Therefore, because of inherent underreporting of NTOF data, the 
numbers and rates presented in the Bell and Jenkins papers should be 
regarded as an underestimation of the number of occupationally 
related motor vehicle deaths occurring in the U.S. between 1980 and 
1985. 

State-specific studies in Maryland (Baker 1982), Colorado (CDH 1988), 
and Massachusetts (MDPH 1989) using multiple data sources find that 
motor vehicle traffic incidents are the leading cause of occupational 
injury death in each of those states. The percentage of occupational 
motor vehicle-related deaths ranges from 22.2% in Massachusetts to 
25.0% in Maryland and 30.1% in Colorado. Acknowledging the suspected 
underreporting by death certificates, these state-specific, multiple 
data source findings lend credibility to a figure of at least 20.1% 
for the nation based solely on death certificates. 

B. Drug and Alcohol Involvement in Work-Related Injuries and Deaths 

1. Alcohol 

The relationship between alcohol and drugs and work-related 
injuries, both fatal and nonfatal, has not been studied in detail 
on a national level (Smith and Kraus 1988). Biological 
monitoring information is not consistently available for fatal 
occupational injuries, and workers involved in nonfatal incidents 
are not generally tested for alcohol or drug use (Baker et al. 
1982). Because death certificate data do not have uniform 
requirements for reporting blood alcohol concentrations (BACs), 
and because historically, workers involved in nonfatal incidents 
have not been tested for alcohol and drug use, there has not been 
adequate information reported to base conclusions about the role 
of alcohol in occupational motor vehicle crashes. However, 
various geographically based studies using medical examiner or 
autopsy information prov{de data that indicate alcohol may play a 
role in occupational motor vehicle fatalities (Baker et al. 1982; 
Copeland 1985; Sniezek and Horiagon 1989; Lewis and Cooper 1989). 

In Maryland, Baker et al. (1982) reported a total of 148 deaths 
due to occupational injuries for 1978. BAC tests were performed 
in 85 (57%) of these 148 deaths. Detectable BACs were found in 
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13 (15%) of the 85 cases tested, with 9 (13%) cases having BACs 
of 0.08% or higher. Nine (69%) of the 13 cases with detectable 
BAGs were road or nonroad, occupational, motor vehicle-related 
deaths. Six (46%) of the 13 cases with detectable BACs were 
road, occupational, motor vehicle-related deaths. 

In Metro Dade Gounty, Florida, Copeland (1985) studied all fatal 
occupational injuries occurring from 1979 through 1983. Of the 
3773 deaths autopsied during that period, 147 were occupationally 
related, which included 25 (17%) occupational motor vehicle­
related fatalities. BAGs were ascertained for 18 (72%) of the 25 
occupational motor vehicle-related deaths identified. Detectable 
BACs were reported in 5 (28%) of these 18 cases. In one of these 
5 cases, the BAG was above 0.10%. 

In Harris County, Texas, Lewis and Cooper (1989) studied fatal 
occupational injuries occurring in 1984 and 1985. Alcohol tests 
were performed on 173 (88.3%) of 196 occupational fatalities that 
were autopsied. Of the 173 cases, 33 (19%) were occupational 
motor vehicle-related deaths. A total of 23 (13%) of the 173 
cases had detectable BACs. Sixteen (9.2%) of the cases had BACs 
of 0.10% or greater. Ten (44%) of the 23 cases with detectable 
BACs were occupational motor vehicle-related deaths. 

In North Carolina, Sniezek and Horiagon (1989) reported that 
alcohol testing was performed on 813 (90%) of 902 occupational 
injury deaths in North Carolina, 1978 through 1984, in which 
survival time was less than six hours. Of the 813 tested, 89 
(11%) had detectable BACs, 53 (60%) of which were 0.10% or 
greater. 

2. Drugs 

Drug testing was first reported in the Lewis and Cooper (1989) 
study for 172 (87.8%) of the 196 autopsied cases occurring in 
1984 and 1985. Of those 172 occupational deaths, 33 (19%) were 
occupational motor vehicle-related fatalities. A positive drug 
screen was reported in 12 (7%) of the 172 autopsied cases. A 
positive drug screen indicated that the decedent had detectable 
traces of drugs having the "potential to alter physiologic 
functions needed to avoid injury." Occupational motor vehicle­
related fatalities with positive drug screening accounted for 3 
(25%) of the 12 cases with positive drug screen. Drugs may have 
played a role in these 3 (9%) of the 33 occupational motor 
vehicle-related fatalities autopsied. Only one case of illicit 
drug use was found in the study. The study authors indicated the 
need for more research into the relationship between drugs, 
especially prescription drugs, and work-related injury deaths. A 
prospective study is currently underway in Baltimore to ascertain 
drug and alcohol involvement for all occupationally injured 
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patients admitted to the Maryland Shock Trauma Unit (Soderstrom 
and Dischinger 1990). 

C. Bicycle-Related Deaths 

The NTOF data system identifies 18 occupationally related bicycle 
deaths during the period 1980 through 1985 (NIOSH 1989a). The age of 
the decedents ranged from 18 to 71 years and they were employed in a 
variety of occupations and industries. It is notable that 11 (61%) 
of these incidents occurred in 1984 and 1985, compared to a total of 
7 (39%) in the previous 4 years, possibly indicating an emerging 
problem due to increased occupational bicycle use in urban delivery 
services. 

The Insurance Institute for Highway Safety (IIHS) indicated that in 
1989 a total of 821 riders died from bicycle-related injuries in 
occupational and nonoccupational crashes (IIHS 1990). Thompson et 
al. (1989) has estimated that 1300 bicycle riders per year die from 
bicycle-related injuries. It is not known what proportion of these 
crashes are occupationally related; however, the IIHS has reported 
that 51% of the bicyclists killed in 1989 were adults and 63% of the 
deaths occurred in urban settings (IIHS 1990). In Dade County, 
Florida, IIHS reported that 96% of the decedents died as a result of 
head and neck injuries. None of these decedents were wearing 
helmets. 

III. DRIVER TRAINING AND SAFETY AWARENESS 

In its preamble, OSHA has cited ample evidence of the effectiveness 
of seat belts or helmets in reducing the incidence of occupational 
motor vehicle-related injuries and death. For these devices to be 
effective, however, they must be properly worn. To assure their 
proper use, the following elements should be addressed: 

1) Specified safe driving skills (e.g., proper vehicle handling) and 
information (e.g., company policy on seat belt use) must be 
imparted to the worker to ensure safety vehicle use. 

2) The worker should be motivated to use protective devices in 
vehicles, and the employer should enforce the proper use of these 
devices on a continuing basis. 

3) Management should provide the supervisor with an explanation of 
company policy regarding the mandatory use of seat belts or 
helmets, and should develop a program to ensure worker compliance 
with this regulation. 

NIOSH testimony on training of workers are related to these elements. 
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A. Background 

The current research literature (Goldstein 1975; Komaki et al. 1978; 
Sulzer-Azaroff and de Santamaria 1980; Cohen 1987) indicates 
effective safety training efforts in industry require, as a first 
step, an analysis of work conditions or operations to define those 
worker actions or behaviors that can influence exposure risks. These 
behaviors become the targets of the training program with 
instruction, demonstrations or "hands on" practice used to enhance 
learning and maximize application of the training in the work 
situation. 

Motivation to support the application of training at work may include 
rewards provided by the employer contingent on the display of the 
sought-after behaviors, or establishing goals incorporating the new 
behaviors as incentives for their applications. The latter involves 
a plan for providing feedback to the workers on their performance. A 
National Safety Council (NSC) study (NSC 1989) of motor vehicle 
occupant protection programs among member companies indicates that 
management support is a crucial element of effective driver safety 
awareness programs. The NSC study also indicates that motivation 
plays a crucial role in the overall effectiveness of driver safety 
awareness programs. 

The safety training and awareness provlslons of the OSHA proposed 
rule have not addressed details as to what constitute an effective 
program. NIOSH has enclosed a study (Cohen & Jensen 1984) on lift­
truck operator training that captures the essential points as noted 
above to illustrate some concrete ideas. Included in this study was 
a needs assessment step and task analysis to determine those 
recurrent forms of behavior that were to become the target for the 
training effort. (In this study 14 such actions were identified). 
Once selected, training procedures were established consisting of 
slide presentations demonstrating incorrect and correct behaviors, 
discussions inviting trainee participation, and sessions involving 
trainee practice on the safe behaviors. A peer modeling approach was 
used in the practice sessions wherein each trainee's performance was 
observed and scored by the others. Subsequent to the training, daily 
feedback was provided in the form of verbal and posted summaries of 
group performance and compared to goals which were previously set by 
the trainee group. Reflecting its effectiveness, the safe behaviors 
developed from this training program were found to endure after 
performance monitoring and feedback ceased. 

B. Training and Seat Belt Use 

There is an impressive body of evidence that seat belt use 
significantly reduces the personal injury associated with automobile 
accidents. Studies of U.S. motor vehicle crashes indicate that as 
many as 50-60% of serious auto injuries and fatalities are 
preventable through the use of safety belts (Ware et al. 1986). This 
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is consistent with findings in other countries where it has been 
found that the probability of fatal injuries could be reduced by 40% 
and serious injuries by 70% through the use of restraints by motor 
vehicle operators (Grime 1979). 

A 50% reduction in fatalities and 1nJuries from automobile crashes 
attributable to seat belt use was also estimated by the U.S. 
Department of Transportation (NHTSA 1983). Obviously, effective 
strategies for increasing the acceptance and use of seat belts could 
have a significant impact on reducing the injuries, fatalities, and 
costs (reported at 43,800 deaths, 3,500,000 injuries, and 60 billion 
dollars in 1985) of automobile crashes. 

By far, the most dramatic increase in seat belt use has resulted from 
compulsory or mandatory policies. For example, where seat belt use 
was not compulsory, Zeigler (1986) observed drivers in 19 cities 
across the U.S. in 1975 and found a 23.3% baseline usage rate. 
Mortimer et al. (1990) report that the wearing of seat belts 
increased from 12-14% to over 50% in Illinois following the passage 
of a seat belt law. Similarly, an Insurance Institute for Highway 
Safety report (IIHS 1985) shows an average 50% usage rate among 
states having mandatory seat belt legislation. 

There are two important factors in proper seat belt usage: the use 
of the belt, and the proper fitting of the belt. Studies indicate 
that the effectiveness of seat belts is recognized in the general 
population (Mortimer et al. 1990) and that educational programs are 
of limited effectiveness because the knowledge is already widespread. 
Knowledge of the potential risk associated with improperly fitted 
seat belts (Ryan 1975; Dempsey 1977; Carter 1977) has not been 
investigated. 

There is a debate among experts on the proper method of motivating 
users of seat belts to achieve compliance beyond the 50% level that 
is achieved by general vehicle safety education and mandatory seat 
belt legislation (Zeigler 1986). One of the most effective studies 
(Kalsher et al. 1989) involved a check for seat belt use when workers 
arrived at their work facility. This program (characterized as a 
"disincentive program" by the authors) increased seat belt usage to 
79% from an existing base level of 55%. An incentive program at a 
similar facility increased seat belt use from 51% to 61%. The 
incentive was participation in a lottery with substantial prizes. 
These studies strongly infer that a clear attitude of management 
commitment to seat belt use coupled with a periodic check for seat 
belt use would markedly improve compliance. 

IV. FACTORS ASSOCIATED WITH DRIVER FATIGUE AND LOSS OF ALERTNESS 

Factors associated with fatigue or loss of alertness should be 
considered in setting vehicle safety standards. In general, an 
individual is susceptible to fatigue-related errors, or loss of 
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efficiency, as time working at a task increases, or as the task 
becomes monotonous or overly repetitious (Davies et al. 1983). 
Because driving is often performed for long periods of time, operator 
susceptibility to fatigue or errors while driving can, under certain 
conditions, be quite high (Harris 1977). Therefore, OSHA should 
consider a limit on the number of work-related hours of driving. 
Long-haul truck drivers, for example, are limited to 10 consecutive 
hours of driving by u.S. Department of Transportation regulations [49 
CFR 395]. 

Factors other than the number of hours of driving also can influence 
operator fatigue, loss of alertness, or can interact with hours 
worked to intensify reductions in operator alertness. Two major 
factors are the time of day at which work is performed, and the 
amount of sleep obtained (or lost) by the operator. With respect to 
time of day, it has been demonstrated that alertness is lowest 
between 2 a.m. and 6 a.m. because of the body's inherent biological 
rhythm (Colquhoun 1982; Monk and Folkard 1983). Significant loss of 
sleep will also compromise alertness (Johnson 1982), and often occurs 
in conjunction with night work, thus adding to the loss of alertness 
induced by biological rhythms (Akerstedt 1985). Again, operators 
performing tasks that are long or monotonous, such as driving, are 
particularly susceptible to the effects of sleep loss or daily low­
points in biological rhythms (Riemersma et al. 1977). Consequently, 
if operators are required to drive at night, they may be at their 
lowest efficiency if they are not adapted to night work, or if they 
have lost sleep. At this time, however, there are no vehicle safety 
standards that account for time of day or loss of sleep. 

Based on the available evidence, driving in the middle of the night 
(2 a.m. to 6 a.m.), driving more than 10 hours, being awake for more 
than 20 hours, or being deprived of more than 50% of normal sleep 
time in the previous 24 hours would contribute to a high risk of 
fatigue- or alertness-related driving errors. Combinations of these 
factors would increase that risk. The presence of one or several of 
these factors should alert the employer that extended periods of 
driving would be potentially hazardous. 

V. RESPONSE TO SPECIFIC ISSUES 

1. Vehicle Safety Inspection and Maintenance Programs 

NIOSH is not aware of any literature on the relationship of vehicle 
maintenance to risk of injury. However, it is logical that well~ 
maintained and inspected vehicles would operate more safely and would 
limit the number of defective or unsafe vehicles on the highways. 
Proper maintenance and inspection programs should thereby reduce 
highway incidents attributable to defective vehicles. It is also 
important to recognize that some motor vehicles operated for 
commercial purposes are subject to high-stress use involving heavy 
loads, off-road usage, or high mileage. All of these conditions 
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greatly accelerate the wear on brakes, steering, and suspension 
systems that may result in vehicular crashes. 

2. Pre-Trip and Post-Trip Vehicle Inspection and Reports 

The National Highway Traffic Safety Administration (NHTSA) recommends 
both pre-trip and post-trip vehicle inspections and routine 
maintenance in its standard (and forthcoming Guideline) (NHTSA 
unpublished) on school bus operations [23 GFR 402 Section 1204.4]. 
All motor vehicle fleets, regardless of vehicle type, would benefit 
from such safety review. NIOSH supports inclusion of inspections and 
routine maintenance in the final OSHA standard. 

3. Employer Turnover and Training 

NIOSH has no comment on this issue. 

4. Proof of Training 

NIOSH has no comment on this issue. 

5. Impaired Driving Awareness Programs 

As shown by NHTSA estimates in the OSHA preamble, alcohol and drug 
use are known to be important causal factors in overall motor vehicle 
crashes. Studies summarized in Section II.B. of this testimony 
indicate that alcohol and drug use may also be causal factors in 
occupationally related motor vehicle crashes. For these reasons, 
OSHA should include in its final rule a requirement for drug and 
alcohol awareness programs. These awareness programs would produce 
benefits not only in the occupational setting, but also would extend 
to nonwork-related driving as well. 

6. Vehicle Overcrowding and 7. Vehicle Overloading and Safety Use 

As NIOSH stated in its comments on OSHA/s proposed rule on logging, 
all vehicles used for transporting workers should be equipped with 
seat belts for the driver and all passengers (NIOSH 1990a). 
Additionally, the number of passengers in a vehicle should be limited 
to the number of seat belts in that vehicle. OSHA should include 
this limitation for all vehicles and all industries covered by this 
standard. 
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8. Automatic Crash Protection and Other Engineering Controls Related 
to Occupant Protection 

NIOSH encourages OSHA to include the concepts of intrinsically safe 
control measures in its final rule. This recommendation is based on 
the widely accepted preference for controlling occupational hazards 
by engineering measures (NIOSH 1989b; 1990b). 

A system of controls is necessary to provide the reliability, 
flexibility, and protection that is necessary for vehicle safety. 
The design intent of this system should be twofold: first, to 
prevent crashes from occurring; second, if crashes do occur, to 
minimize their consequences to vehicle occupants. Of particular 
importance to NIOSH are the use of intrinsically safe controls (e.g., 
airbags). These types of controls inherently lower risk because they 
do not depend on worker intervention to be effective (NIOSH 1990c). 

By contrast, extrinsically active controls (e.g., use of safe driving 
techniques) require more human intervention to function properly and 
have a greater risk of failure without the necessary support 
activities (e.g., maintenance) (NIOSH 1990c). Both intrinsically 
safe and extrinsically active controls are normally used as part of a 
complete control system. However, it is important to promote the use 
of intrinsically safe controls whenever possible to reduce the 
inherent level of risk in the system. 

There are several types of controls that help prevent accidents by 
preventing the causal factors. One option is the use of anti-lock 
brakes. These represent an intrinsically safe control because they 
engage with no additional action required on the part of the driver. 
A second option is the use of a system that would require the 
operator to demonstrate a degree of dexterity prior to operating the 
vehicle, such as entering a numeric code into a keypad to unlock the 
steering column. This technology could protect against drivers who 
are severely impaired (e.g., by chemical intoxicants). The 
technology of keyless door locks is already in use on some vehicles. 
A third option is the requirement for ignition systems that cannot be 
activated unless seat belts are engaged. A fourth option is 
specifying vehicles with controls that are inherently easy to use and 
ergonomically well designed. For example, Consumer Reports routinely 
includes the layout and perceived ease of use of automotive controls 
in its evaluation of new vehicles. Mandatory safety training of 
drivers is an example of a very important extrinsically active 
control measure for preventing crashes, as is regular inspection and 
maintenance of vehicles. 

A control system should also anticipate the possibility that a crash 
will occur. Air bags are an intrinsically safe control device for 
mitigating the consequences of many collisions. Automatic seat belts 
are another option, although they can more easily be defeated and 
hence are less intrinsically safe. The selection of vehicles that 
score well in crash tests (e.g., upper 50% of test results) is 
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another intrinsically safe control feature. The prov~s~on of first 
aid kits, of first aid training, and of a means of quickly calling 
for help (e.g., CB radios or cellular telephones) are other auxiliary 
control features that can enhance the responsiveness of extrinsically 
active control measures to mitigate the effects of incidents. 

NIOSH recommends that OSHA require technologically feasible, 
performance-oriented control measures be implemented, including anti­
lock brakes, air bags, and tests of driver competence on all new 
vehicles that are purchased for occupational use. Performance­
oriented language (i.e., "or equivalent") may be appropriate to allow 
for technological innovation as long as the specific features of 
intrinsic safety that are to be used as the benchmark of equivalence 
are clearly presented. 

9. Employer Enforcement of the Occupant Protection Program 

NIOSH has no comment on this issue. 

10. Occupant Safety Belt and Motorcycle Helmet Use 

NIOSH has no comment on this issue. 

11. Occupant Safety Belts 

NIOSH has no comment on this issue. 

12. Driver Safety Awareness 

See comments in Section III. 

13. Routine Drivers 

See comments in Section III. 

14. Computing Driver Safety Awareness Time 

NIOSH has no comment on this issue. 

15. Should Bicycles Be Considered in This Rulemaking? 

Bicycle injuries and fatalities are similar to motorcycle ~nJuries 
and fatalities in terms of the type and severity of injuries (Copes 
and Dickman 1990). OSHA has stated in its preamble estimates of the 
use and effectiveness of motorcycle helmets. NIOSH is aware of 
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additional studies on the use and effectiveness of protective 
headgear for bicyclists (Thompson et al. 1989; Thompson et al. 1990; 
Wasserman et al. 1988; Kraus et al. 1987; Copes and Dickman 1990). 
As identified from these studies, a common risk factor resulting in 
injuries and deaths among motorcyclists and bicyclists is that 
protective headgear is not worn. Therefore, NIOSH strongly 
recommends that OSHA require in its final rule that workers wear 
protective headgear while riding bicycles during their work duties. 

This concludes our prepared testimony. We now would like to answer any 
questions that OSHA or other participants may have. 
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