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ADDENDUM 

NHTSA has some concerns regarding ~ecommendation (3) on page 107 
of this report. This recommendation suggests the implementation 
of a~procedure for monitoring crash drug prevalence over time 
using the FARS system. Since the FARS system is already 
collecting information on drug presence, when these data are 
available, this recommendation appears superfluous. The current 
FARS system relies on the individual states to provide the drug 
data. NHTSA believes that this is more appropriate than 
imposing, as the Recommendation implies a federally mandated and 
funded drug data collection system. 
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EXECUTIVE SUMMARY 

This study examined drug piesence in 1,882 fatally injured 
drivers from seven States. Alcohol and 43 other drugs in the 
crashes were studied, to determine (a) their prevalence rates in 
the drivers, (b) their causal role in the crashes, and (c) their 
patterns of associated driver characteristics, vehicle types, and 
crash circumstances. 

Backaround. A 1988 Report to Congress by the National 
Highway Traffic Safety ~dministration estimated from previous 
research that 10 to 15 percent of fatally injured drivers had 
nonalcoholic drugs in their systems, but the samples were limited 
and the extent to which the drugs caused the crashes was mainly 
unknown. It was concluded that a study was needed to more broadly 
reveal the scope and effects of drug involvement in U.S. driver 
fatalities. 

Druas studied. Examined were (a) the major d w g s  of abuse, 
including cannabis, cocaine, amphetamines, phencylidine (PCP), LSD, 
and heroin, and (b,) common prescription drugs, including 
benzodiazepine tranquilizers, sedatives, antihistamines, 
antidepressants, narcotic analgesics, and antipsychotics. 

Research approach. There was a total of 13 sampling sites, 
encompassing three entire States (Massachusetts, North Carolina, 
and Wisconsin) and selected counties from California, Nevada, 
Texas, and Virginia. These sites were chosen to achieve broad 
regional representation and for their previously demonstrated 
ability to provide blood alcohol data to the Fatal Accident 
Reporting System (FARS). Over a 14-month period, coroners and 
medieal examiner (ME) staffs at the field sites obtained whole 
blood specimens from driver fatalities meeting the sampling 
criteria: survived a maximum of 4 hours; driver of car, motorcycle, 
or truck; death due to crash; etc. The specimens, with 
preservatives, were express shipped to American Medical 
~aboratories (AML) for analysis. To provide information about the 
crashes and causes of death, the project team collected FARS 
reports, police accident reports, coroner and ME reports, and 
special project records. From these data sources, variables were 
extracted to permit analyses addressing the research objectives. 

In addition to AMLts internal quality control, quality checks 
were made by inserting specially prepared test specimens into the 
site shipments. AML succeeded in detecting all drugs in the test 
specimens. It was also found that AMLt s results agreed highly with 
the substance detections at a field site whose own laboratory 
performed comprehensive drug testing. 

When FARS data became available after the conclusion of data 
collection, a sampling completeness check was made. Heavy 
'caseloads at one site precluded it from participating effectively 



in the project, but the remaining sites succeeded in obtaining 
specimens from 79 percent of the drivers eligible for the study 
according to FARS. Our sample was also found to closely resemble 
a FARS national population on key dimensions of age, gender, 
vehicle type, time of day, etc., with the exception that our sample 
slightly oversampled urban crashes. 

Responsibility analysis was used to suggest which drugs 
contributed to the occurrence of the crashes. The method, which 
was further developed for the study, involves the rating of each 
driver's crash responsibility, without knowledge of any drug 
involvement. If proportionately more drug-present drivers are 
judged responsible than are those free of drugs, this is considered 
evidence of drug impairment effects. 

Main results. 

(1) The drivers were found to comprise the following groups: 
Drugf ree - 42.1% 
Alcohol alone - 40.1% 
Alcohol & drugs - 11.4% 
1 drug, no alcohol - 4.8% 
2+ drugs, no alcohol - 1.6% 
Total driver sample - 100.0% 

(2) The drug prevalence rates found were: alcohol at BAC 0.10% 
or higher (42.6% of the drivers); alcohol at BAC below 0.10% 
(9.0%) ; cannabis (6.7%). ; cocaine (5.3%) ; benzodiazepines (2.9%) ; 
amphetamines (1.9%); barbiturate sedatives (1.5%); narcotic 
analgesics (1.2%); antidepressants (0.8%); hallucinogens (0.3%); 
antiarrhythmics (0.1%) ; and muscle relaxants (below 0.1%) . Neither 
antipsychotics nor nonbarbiturate sedatives were found. 

(3) Regional variations in drug prevalence were found. 
Amphetamines were nearly exclusively found in California, while 
alcohol, cannabis, and cocaine were unusually prevalent in the 
Dallas-Fort Worth area of Texas. The Wisconsin drivers were lowest 
in abuse-drug detection. Also, 20.9% of urban drivers had drugs 
other than alcohol in their systems, compared to 15.1% of the rural 
drivers. 

(4) Alcohol was found in 83.3% of the cocaine cases, 68.8% of 
the THC (cannabis) cases, 66.7% of the antidepressant cases, 61.9 
% of the benzodiazepine cases, and in about half the analgesic, 
amphetamine, antihistamine, and hallucinogen cases. 

( 5 )  Driver survival time was generally unrelated to drug 
prevalence rates except for alcohol, whose rates declined among 
drivers living longer. The time interval between death and 
specimen collection was related to alcohol and amphetamine 
prevalence; delays in obtaining specimens may have elevated those 
prevalence rates, apparently due to the postmortem redistribution 
of drugs phenomenon. 

v i i i  



(6) The 25-54 age range was overrepresented among drivers 
involved with abuse drugs, including alcohol. Drivers over 55 
tended to be overrepresented among the cases in which prescription 
drugs were detected. 

(7) In comparisons with the drugfree drivers, statistically 
significant elevations in responsibility rates were found in 
drivers with alcohol alone and with all high-BAC-drug combinations. 
The responsibility rates of drivers with THC-only or cocaine-only 
were not higher than the drugfree rates. 

(8) ~ogistic regression analysis indicated that responsibility . 
rates increased significantly with the number of non-alcohol drugs 
in a driver; this analysis controlled for potentially confounding 
variables. The results suggested that alcohol and drug impairment 
effects were additive. 

(9) An analysis controlling for blood alcohol concentration 
suggested that an alcohol-drug additive effect may be especially 
important at subintoxication levels of alcohol: however, this needs 
further investigation. 

(10) Among FARS-reported driver factors, speeding was 
associated primarily with alcohol. 

(11) Drivers who had ingested alcohol and/or drugs of abuse 
presented similar patterns, dominated by the age range of 25-54, 
male drivers, and drivers with at least one previous speeding or 
other traffic violation. They also tended to use their restraint 
systems less than the drugfree drivers. 

Conclusions. 

(1) Alcohol is still the predominant drug problem; it was by 
far the most prevalent substance, it was found mainly at 
intoxication levels, and drivers with alcohol in their systems had 
the highest crash responsibility rates. 

(2) Drugs other than alcohol had relatively low prevalence 
rates, which limited the capability of the responsibility analyses 
to find impairment effects. However, there was euidence that 
multiple drug use impairs drivers, and an alcohol-drug combined 
impairment effect was suggested by the responsibility data. 

(3) Apparent drug impairment effects (as suggested by 
responsibility analysis) may be due in part to broader behavioral 
patterns associated with drug use. That is, drug use may be just 
one manifestation of a broader pattern of high-risk behavior, as 
suggested by a history of traffic violations. 

- 
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1.0' INTRODUCTION 

In a 1988 Report.to Congress by the National Highway Traffic 
Safety Administration, it was concluded that the extent to which 
drugs other than alcohol were a highway safety problem could not be 
specified precisely (Compton,1988). Crash studies found that 
somewhere between 10 and 15 percent of fatally injured drivers had 
nonalcoholic drugs in their systems, though none of the studies was 
broadly representative and the extent to which the drugs helped to 
cause the crashes was mainly unknown. This situation led to the 
study reported here, which examines drug presence in 1,882 fatally 
injured drivers from seven States. The study does not use a fully 
representative national sample, but its inclusion of locations 
across the country provides an approximate national picture while 
indicating regional variations. In addition, the study examines 
the causal role of drugs in the crashes. 

Why study fatally injured drivers, since they constitute less 
than one percent of crash drivers in the United States (National 
Safety Council, 1991)? One reason is that highway deaths may be 
one of the more serious consequences of drug use and abuse. A less 
apparent reason is that a representative sample of the blood 
specimens needed to study drugs in crashes is more .readily obtained 
from driver fatalities than from crash survivors or from a noncxash 
driver population. 

This study examines 44 different drugs, including cocaine and 
cannabis as well as prescription drugs such as tranquilizers, 
antidepressants, and sedatives. All are drugs which scientists and 
highway safety experts have believed capable of impairing drivers 
sufficiently to cause crashes. 

1.1 Research Objectives 

The objectives of this study were as follows: 

1 To determine the extent to which votentiallv impairing 
druss are found in fatally injured drivers. Here we are interested 
in the question of maanitude; how prevalent are the various drugs 
found in the drivers? Further, does the extent of prevalence vary 
regionally across the country? And, are the various drugs found 
mostly at high blood concentrations, or are they more often at 
minimal 'tracet levels? 

(21 To examine the role druss play in causinq fatal crashes. 
This addresses the basic question: which drugs, if any, are 
impairing drivers sufficiently to cause crashes? While all the 
drugs examined have been judged ca~able of such behavioral effects, 
it is only'by examining crash data that we can learn whether drugs 
are contributing significantly to crash causation. - 



( 3 )  To clarify the circumstances of crash drua ~resence. 
This objective addresses a number of questions to help us 
understand the drugs are linked to crashes: Are particular 
drugs found more in some age groups than in others? Do some age 
groups seem more sensitive than others to the effects of drugs? 
What kinds of crashes are linked with the drugs? Are any drugs 
associated with particular vehicle types, crash times, or road 
conditions? 

1.2 Background 

We begin this section by considering drug prevalence rates in 
previous Crash studies. Prevalence rates express tlie percentages 
of drivers in whom various drugs were found. It is important to 
understand that a drug's prevalence rate, by itself, implies 
nothing about its impairment effects (if any) or the crash risks 
associated with it. These considerations of crash causation are 
addressed in Section 1.2.3. It is also important to recognize that 
studies may differ in their drug test sensitivities and in other 
test factors, which may influence their reported drug prevalence 
rates. 

In Compton's 1988 Report to congress, he reported four North 
American studies of drugs in driver fatalities, and one study of 
injured-but-surviving drivers. From the results, Compton estimated 
that drugs other than alcohol were present in 10 to 22 percent of 
the drivers, with the higher figure reported in the single 
injured-driver study. Cannabis (i. e. , marijuana, hashish) was the 
most commonly found drug, while other prominent drugs were diazepam 
(Valium (R)), cocaine, amphetamines, and prescription drugs 
including tranquilizers and sedatives. In the majority of cases 
where drugs were found, alcohol was also present. 

Since Compton's report, researchers continued to study drugs 
in crash drivers. Some examined other bodily substances in 
addition to blood, which can result in inflated prevalence rates. 
For example, Root (1988) reported that drugs of abuse were found in 
twenty-two percent of car and truck drivers, but this figure may 
have been inflated by the analysis of urine and other bodily 
substances as well as blood. In descending order, the most 
prominent drugs were amphetamines, cocaine, cannabis, 
phencyclidine, and morphine. Another California study examined 
driver fatalities in Los Angeles (Budd, Muto, and Wong, 1989). The 
total drivers with drugs in their systems appeared to be about 28 
percent, though it was not clear that detection was always in 
blood. The most prominently found drugs were cannabis (19%) and 
cocaine (8%), while barbiturates and.phencyclidine were found at 
low rates (~2%). Finally, a New York City study focused on 
cocaine, finding it in the blood of 20 percent of the drivers 
(Marzuk, Tardiff, Leon, Stajic, Morgan, and Mann, 1990). 



Drugs in injured drivers taken to a regional trauma center in 
Toronto, Canada were studied by Stoduto, Vingilis, Kapur, Sheu, 
McLellan, and Liban (1991). They found nonalcoholic drugs in 41 
percent of these drivers, an unusually high rate. That was 
probably inflated by reporting detection in either blood or urine. 
In descending order, the drugs found were cannabis, 
benzodiazepines, cocaine, morphine, barbiturates, codeine, 
meperidine, diphenhydramine, and pheniramine. 

As in the research reviewed by Compton, the subsequent studies 
usually found that when drugs were in a driver's system, alcohol 
was present in at least half the cases. In the Budd et a1 (1989) 
study, for example, alcohol was present in 67 percent of the 
cannabis cases and 78 percent of the cocaine cases. 

It is apparent from the studi.es reviewed by Compton and the 
later studies, that drug prevalence rates in crashes vary over time 
and among the locations studied. In addition, variations may be 
caused by the bodily fluids sampled, the drugs tested for, and test. 
sensitivities. These variations reinforced the need for a 
comprehensive study of drivers in a geographical1y.broad American 
sample. 

1.2.1 Drugs and Driver Populations 

Drugs tend not to be uniformly distributed within crash driver 
populations. Alcohol and other drugs are generally more prevalent 
among young drivers and male drivers (Terhune, 1982; Donelson, 
Haas, and Walsh, 1986; Marzuk et al., 1990). Drugs of abuse seem 
to be particularly prominent among motorcycle drivers (Warren, 
Simpson, Hilchie, Cimbura, Lucas, and Bennett, 1981; Terhune, 1982 ; 
Root, 1988). 

i.2.2 Drug Use Trends 

Crash studies conducted at various times presumably reflect 
societal trends in drug use. Consequently, it is useful to briefly 
examine data on these trends. 

A National Household Survey on drug use is conducted annually 
by the National Institute on Drug Abuse (NIDA). The survey 
revealed a declining trend in drug use during the 'eighties, with 
the exception of a small peak in cocaine use in 1985 (Figure 1.1). 

To complement self-reports of drug use, trends in hospital 
emergency room episodes, i.e., overdose emergencies, are relevant. 
Table 1.1 shows data from the NIDA Drug Abuse Warning Network 
(DAWN). Although these data are not wholly comparable from year to 
year because of sampling variations, the data in Table 1.1 exhibit 
an increase in marijuana reports from 1985 through 1987, and an 
increase in cocaine reports from 1985 through 1989. In contrast, 
declines were exhibited in amphetamine, phenobarbital, and diazepam 



Past Month Drug Use All Ages 
12 and Over 

Any llclt Drug Use 
A Marijuana Use 
+ Cocahe use I 

Year 
SUlA7CE N a t ~ ~ H o ~ ~ s e h a M  Suvey a7 L&ug A w e  

Figure 1.1 DRUG ABUSE TRENDS (NATIONAL INSTITUTE ON DRUG ABUSE. 1992) 



T r a d s  in  Emergency Roao E p i w  Carwnring klected D v  
Drug k e  Yarning Network <DAYI) - 1985- 1989 

Report Series G, No. 21 (1988) Report Series 6 ,  No. 24 (1990) 
(Unweighted Data1 (Umeighted Data1 

Cocaine 12,195 22,586 39,363 33,888 45,697 45,684 
Trend <-....-.-....-(+).---.....---, <... ..-..---..(+)--.-..-----.> 

Phenobarbital 1601 1394 1292 954 894 fS5 
Trend <......---.---(-)...---.-.-.-+ e.-.--.--.-...(.)...-...--.--, 

*Trend test results were given i n  the DAMN reports. (+) m increasing over tinr; ( a )  = decreasing; ( 0 )  = no 
trend. 

See the original reports for slope magnitude and other details. 



episodes. Thus, the NIDA National Household Survey and the DAWN 
data convey opposite pictures of trends in the drugs of abuse; 
cannabis and cocaine use were decreasing according to the household 
study, but increasing in emergency department episodes. 

A possible explanation of the apparently contradictory trends 
is provided by an observation recently made by Robert Martinez of 
the administration's Office of National Drug Control Policy. He 
noted that the number of casual users of abuse drugs has declined 
9narkedly and steadilyw in recent years, while tthard-coreM users 
have been more entrenched in their habits, He maintained that the 
DAWN figures are a measurement of hard-core drug use (Buff a10 News, 
1992). It may be inferred that NIDAts household survey reflects 
mainly casual use. Highway accidents are likely to reflect both 
hard-core and casual use, and it is difficult to predict which 
trend would dominate. 

1-2.3 Drugs and Crash Causation 

The causal role of drugs in crashes has been difficult to 
establish. The main reason for this has been the lack of a 
control group of on-the-road drivers, as used in the classic 
Grand Rapids study of alcohol crash effects (Borkenstein, Crowther, 
Shumate, Zeil, and Zylman, 1974). When a control group is 
available, greater prevalence of a drug in crash drivers than in 
the control group indicates that the drug raises crash risks. A 
major obstacle to such a control group in drug studies is that it 
requires stopping drivers and obtaining blood specimens from a 
representative sample. A less powerful but readily used 
alternative method is responsibility analysis, in which each crash 
driver is rated for her/his responsibility in causing the crash, 
preferably without the rater's knowledge of any drug involvement. 
If proportionately more drug-present drivers are judged responsible 
than are those free of drugs, this is considered evidence of an 
impairment effect of the drugs. This method revealed the effects 
of alcohol in several studies (Terhune, 1983), but it has not 
consistently indicated impairment by other drugs. Part of the 
difficulty may lie in the variations of responsibility rating 
methods used, but small numbers of drug-present cases have also 
been a problem. Small numbers greatly reduce the capability of 
responsibility analysis to detect impairment effects. 

Of the few studies using responsibility analysis, the study by 
Warren et al. (1981) found evidence of impairment by cannabis, 
tranquilizers, and antihistamines, among driver fatalities. No 
statistical significance was indicated, however. Terhune (1982) 
found statistically marginal evidence that cannabis was impairing 
injured drivers. Williams et al. (1985) found no evidence that 
cannabis contributed to the crashes of fatally injured young male 
drivers, butthey did find that responsibility rates increased with 
multiple drug use. 



In the injured-driver study by Stoduto et al. (1991) cited 
above, it was found that single-vehicle accidents constituted 32 
percent of the crashes of the drug-present drivers, compared with 
only 20 percent of the drugfree drivers. Researchers generally 
judge drivers in single-vehicle accidents to be responsible for 
their crashes, so the results suggest that the drug-present drivers 
had responsibility rates much higher than the drugfree drivers. 

~ u i t e  different in approach was a study by Ray, Fought, and 
Decker (in press). Instead of assaying drugs in the body fluids of 
crash drivers, they determined risks of an injurious crash for 
drivers who had received prescriptions for various drugs. They 
used prescription and crash records of 16,262 elderly (65-84). 
drivers in Tennessee. Within this group, the relative risks found 
were: 1.5 for any psychoactive prescription drug; 2.2 for cyclic 
antidepressants; 1.5 for benzodiazepines; and 1.1 for 
antihistamines or opiod analgesics. The relative risks were as 
high as 5.5 for high dosages of antidepressants. To put these 
figures in perspective, a relative risk of 1.5 to 2.0 is associated 
with a blood alcohol concentration (BAC) of around .06%, while a 
5.5 relative risk resembles alcohol effects at concentrations above 
.lo% (Hurst, 1970) . 

1.3 The Value and Limitations of a Driver Fatality Study 

To conclude this Introduction, it is useful to review what a 
study of drugs in driver fatalities can and cannot accomplish. The 
first advantage is one that epidemiological (crash) studies 
generally have over experimental ones. While experimental research 
(using a driving simulator, closed-course driving, or other 
controlled situations) is valuable for showing impairment 
capabilities of a drug, a crash study can reveal (a) the actual 
extent of drug involvement in accidents, and (b) whether the drug 
concentrations are at significant levels. Second, a driver 
fatality study has the previously noted advantage of addressing the 
most serious outcome i.e., deaths, that drugs may have. Third, a 
driver fatality study is generally able to include a far higher and 
more representative proportion of a population of drivers than can 
an injured-driver or noninjured-driver study. The latter require 
voluntary cooperation of drivers, which can significantly reduce 
the completeness and representativeness of a sample. 

On the debit side, driver fatality crashes provide a very 
restricted view of the total crash scene. The conditions and 
causes of fatal crashes may be very different from those in less 
severe crashes, and it is possible that drugs play a larger role in 
the latter. Second, the dominance of alcohol in fatal crashes can 
make it difficult to discern the particular contribution of drugs; 
when drugs are found in a driver fatality, alcohol is frequently 
found, at intoxication levels. Third, driver fatality samples are 
generally found to have very high responsibility rates, even among 
drugfree drivers. For drug effects to be statistically 
significant, the drugs must have extremely high responsibility r 



. rates, sdstantial prevalence rates, or both. 

Finally, it is important for the reader to understand that if 
responsibility analysis indicates that a specific drug is not 
contributing to fatal crashes, this does not imply the general 
conclusion that it is safe for anyone to drive after ingesting the 
drug. The hazards for an individual will depend on the dosage 
taken and the individualss response to the drug. 

In summary, a driver fatality study has excellent capability 
to reveal the extent of drug prevalence in the most serious kind of 
crash, but its capability to reveal drug causal effects is more 
limited. That was the opportunity and the challenge of this study.. 



2 . 0  TEE DRUGS OF INTEREST 

The objectives of this study required that we examine a highly 
comprehensive list of the drugs thought capable of causing crashes. 
Determining drug presence comprehensively (the first objective) 
required the ability to capture many if not most of the drugs that 
the drivers had ingested. To study causal contributions of drugs 
(the second study objective), the responsibility analysis required 
a control group of drivers who were "drugfree.It Clearly, the 
control group could only be shown "freew of the drugs tested for, 
which again argued for a comprehensive drug list. 

In developing the drug test list, we began with a' 
NHTSA-prdvided list of 55 different fitdrugs of interest, including 
29 of nmost interest." In submitting the list to candidate assay 
laboratories, we found that the analysis costs would well exceed 
the funds, Consequently, we sought to eliminate drugs of the least 
importance, add others if warranted, and establish an order of 
importance for the drugs on the list. wImportaneeM was 
operationally defined as the product of (a) estimated prevalence of 
a drug and (b) its ability to impair drivers. Estimated prevalence 
was determined through a literature review of recent studies, from 
medicinal drug sales data, and reports of NIDA's Drug Abuse Warning 
Network. Impairment capability was more loosely evaluated through 
ratings of a panel of experts participating in a NHTSA-sponsored 
drug workshop (Joscelyn and Donelson, 1980). These data sources 
were supplemented by contacting thirteen experts on drugs and 
highway safety across. the United States. This group included 
research scientists, officials in drug abuse centers, law 
enforcement officials, and toxicologists in the States scheduled to 
participate in the data collection. They gave their 
recommendations of the drugs to be included and estimates of drug 
prevalence rates based on their experience. 

In selecting the individual drugs, it was necessary to 
consider their assay costs. While processes have been developedto 
efficiently provide screenings for entire classes of drugs, a few 
drugs of interest were so costly to assay that they were omitted 
from the test list. (The main example here is triazolam, a 
tranquilizer.) At the same time, a few drugs of lesser importance 
were included because they would be captured, at no extra cost, by 
the screening processes for the more important drugs. (These 
"add-ont1 drugs were mainly antidepressants, antipsychotics , and 
antiarrhythmics. ) Interested readers will find in Appendix A a 
more detailed description of how the drug test list was 
established. 

The drug test list is shown in .Table 2.1. It includes the 
main drugs of abuse found in previous studies: alcohol, cannabis, 
cocaine, amphetamines, and opiates, as well as the hallucinogens 
phencyclidine (PCP) and lysergic acid diethyliamide (LSD). Also on 
the list are important prescription drug classes: benzodiazepines 
(minor tranquilizers including diazepam), barbiturate sedatives, 
nonbarbiturate sedatives, and others. 



 he D r u g s  Studied 

Substance 

Alcohol (ethanol 1 
Cannabi s 
Hal lucinosens 

Phencycl id inc  
Lysergic acid diethylamide 

Benzodiaze~im Tranauilizers 
Diazepam 
Lorazepam 
Flurazepam 
Alprazolam 
Oxazepam 
Ch 1 ordi  azepox i de 

Barbiturate sedatives 
Phenobarbital 
Secobarbi t a  1 
Butabarbital 
Butalbi t a l  
Pentobarbital 
Amobarbi t a l  

CNS Stimulants 
Cocaine 
Amphetamine 
Methamphetamine 
Caffeine 

Won-barbiturate sedatives 
Ethchlorvynol 
Methaqualone 
Meprobamate 

Antihistamines 
Diphenhydramine 

hydrochloride 
Chlorpheniramine 

Antidepressants 
Amitr ipty l ine 
Imipramine 
Doxepin . 
F 1 uoxet i'ne 

Narcotic Analgesics 
Meperidine 

hydrochloride 
Methadone 
Propoxyphene 
Oxycodone 
Code i ne 
Morphine 
Heroin 

Antipsvchotics 
Chlorpromazine 
Thioridazine 
Mesordiazine 

Antiarrhvthmics - 
Ouinidine 
Procainamide 
Lidocaine 
Flecainide 

Muscle relaxant 
cyclobenzaprine 

fxamles of Trade Names or Street Names 

booze, juice, sauce 
pot, ganja, grass, weed. m r y  j a m  

PCP, angel dust 
LSD, acid 

Barbi ta(R) 
Seconal(R) 
Butisol(R) 
Sandoptal(R) 
Nemkrtal(R) 
Amytal(R1 

coke, blou, snow, nose-candy 
speed 
meth. crystal  meth -...--.....-- 

Ingredient of Chlortab(R1, Chlor-TrimetonCR) 

ELavil(R), AmitrilCR) 
Trofrani l ( R )  
AdapincR) 
Prozac(R) 

Demerol(R) 
Dolophine(R) 
DarvonCR) 
Ingredient of PercodanCR) ..-..---.-.-. 
n, uhi te s tu f f  
H, smack, horse, junk 

Thorazine(R) 
Mellari l(R) 
Serent i l ( R )  



There are various ways .by which the drugs may impair driving 
skills: decreasing alertness, degradation of motor skills, reducing 
visual acuity, disinhibition with attendant increase in 
risk-taking, slowing reaction time, degradation of judgment and 
decision-making, and so on. While experimental research has 
revealed performance decrements caused by specific drugs, the 
linkage of these decrements to crash risks in the "real worldw has 
been difficult to establish. For the interested reader who wishes 
to know more about the effects of drugs in our test list, a brief - -  .. 

review is provided in Appendix 8. 



3.0 RESEARCH DESIGN AND METHODOLOGY 

Preliminarv Note: This chapter is intended for the readers 
who want only a summary description of the procedures used. 
Scientific readers who need more detail will find it in the 
appendixes. Casual readers may wish to read only the Overview 
paragraph below, then skip to Chapter 4. 

Overview: The research plan of this study called for the 
collection of blood specimens from fatally injured drivers meeting 
our sampling criteria within selected States. . The sampling 
criteria were intended to select crashes in which drugs could have 
played a causal role, while also enhancing chances of finding any 
drugs that were affecting the drivers at the moment of their 
crashes. Sampling sites included three entire States 
(Massachusetts, North Carolina, and Wisconsin) and selected 
counties from California, Nevada, Texas, and Virginia. These sites 
were chosen to achieve broad regional representation and for their 
previously demonstrated ability to provide blood alcohol data to 
the Fatal Accident Reporting System (FARS). Data collection was 
planned for approximately one year, during which blood specimens 
were to be collected from as compl$te a driver sample as possible. 
These specimens were express-shipped to our assay laboratory, where 
they were analyzed for all drugs on our test list. To provide 

1 information about the crashes and cause of death, the project team 
collected FARS reports, police accident reports (PARS) , 
coroner/medical examiner reports, and certain records created 
specially for this research. From these data sources, variables 
were extracted to permit analyses addressing the research 
objectives. The data were encoded and entered into an automated 
database, which was used for statistical analyses. The central 
analyses were (a) the generation of drug prevalence rates for each 
sampling site and for the entire sample, and (b) responsibility 
analyses to suggest which drugs contributed to the occurrence of 
the crashes. 

Details of these procedures are provided in the sections that 
follow. They discuss these topics: 

o The driver sampling plan 

o The data collection system 

o Blood assay procedures 

o The responsibility analysis method 



3.1 The Driver Sampling Plan 

NHTSA initially suggested a sample of 2550 drivers for our 
consideration. With this figure as a guideline, we performed a 
statistical power analysis to determine a sample size that would be 
capable of (a) estimating drug prevalence rates within a few 
percentage points, and (b) detecting a drug-associated driver 
responsibility rate that was at least 10 percent higher than the 
rate for drugfree drivers. A description of the power analysis is 
provided in Appendix D. Our conclusions irom this effort were as 
follows : 

(1) The targeted sample of 2,550 drivers would be able 
to estimate drug prevalence rates within plus or 
minus 1 percent, an acceptable level. 

(2) Because a driver-fatality sample is expected to 
have very low prevalence rates of drugs present by 
themselves, the target of 2,550 drivers has minimal 
ability to reveal impairment effects of individual 
drugs other than alcohol, when using responsibility 
analyjis. Even a 3500-driver sample appears 
capable of detecting drug effects only under 
best-scenario conditions, e.g. a drug present by 
itself at a minimum prevalence rate of 5 percent 
and a minimum responsibility rate 10 percent higher 
than the drugfree rate. 

(3) A 2,550-driver sample has a somewhat greater 
possibility of detecting impairment effects of 
alcohol-drug combinations than of drugs present by 
themselves. 

These conclusions were discussed with the NHTSA staff 
overseeing the project, and it was decided that the original target 
of 2,550 drivers was acceptable. It would more than adequately 
meet the objective of estimating drug prevalence rates. While that 
sample size would only marginally meet the statistical needs for 
responsibility analysis, a sample significantly improving that 
capability would have to be at least twice as large. That sample 
size was considered prohibitive in its acquisition and assay costs, 
as well as in the size and complexity of the data acquisition 
system that would be needed. Consequently, plans went forward for 
obtaining a driver sample of approximately 2,550 drivers. 

3.1.1 Driver Eligibility Criteria 

The objective of using driver screening criteria was to obtain 
a sample of fatally injured drivers (a) whose crashes could have 
been the result of drug influence, (b) from whom useful blood 
specimens were available, and (c) who represent the predominant 
driver groups on the road. The criteria are shown in Table 3.1 and 
are explained below. 



Table 3',1 

Driver Eligibility Criteria 

A driver fatality was included in the study only if it met all 
the following sampling criteria: 

Driver of a car, motorcycle, or truck. 

Driver age 15 years or older. 

Crash vehicle was in transport. 

Driver died within 4 hours of crash. 

Blood specimen was taken within 96 hours after death. 

Uncontaminated blood specimen available. 

Death not due to suicide, homicide, or natural causes. 



Driver of a car, motorcvcle. or truck. These are 
the predominant vehicles on the road, and they 
include light trucks (pickups, vans, and utility 
vehicles). 

Driver aere 15 vears or older. This criterion 
excludes unusually young drivers, who would likely 
be driving illegally and in very atypical 
situations. 

Crash vehicle was in trans~ort. This means that 
the vehicle was in motion, operated by a driver. . 
Drivers of parked vehicles were excluded because 
their driving behavior could not be a cause of the 
crash. Included, however, were vehicles stopped 
momentarily while in transport. 

Driver died within 4 hours of crash. This 
criterion is a compromise between competing 
considerations. On the one hand, it .is desirable 
to include drivers who died in the crash or shortly 
thereafter, to minimize the opportunity for 
metabolism and absorption processes to reduce the 
concentrations of drugs to nondetectable levels. 
On the other hand, including only drivers who died 
within an hour of the crash would, according to 
FARS data, exclude around 40 percent of all driver 
fatalities. Not only would this make it more 
difficult to obtain the desired sample size, it 
could introduce serious sample bias. 

Most previous drug studies sampled only drivers who 
died within one or two hours of their crashes. The 
decision to deviate from this common. practice was 
made only after an in-depth review of literature on 
drug time-dosage-concentration relationships and 
conferring with pharmacological experts. 

Blood specimen available within 96 hours after 
death. Like the previous criterion, this one was 
established only after extensive 'discussion, 
including careful consideration of the trade-offs. 
To minimize evaporation of volatile substances and 
clotting of blood, a specimen taken within a few 
hours of death is preferable. However, some of the 
coroner and medical examiner offices reported that 
backlogs develop in processing.incoming fatalities 
during peak demand periods, especially on weekends. 
They expressed the need for a 96-hour time limit, 
in order not to . lose a significant number of 
otherwise eligible cases. This was allowed after 
conferring with the toxicologists at American 
Medical Laboratories. Their opinion was that the 



96-hour limit was tolerable, and they increased the 
sensitivity of their benzoylecgonine test to better 
the chances of cocaine detection. The field sites 
agreed to refrigerate the cadavers if the blood 
specimens couldn't be taken immediately. 

o Uncontaminated blood s~ecimen available. Only 
blood specimens that are not mixed with other 
bodily fluids or foreign contaminants were desired, 
for they could produce misleading or incorrect drug 
assay results. In practice, this criterion 
necessarily relies on appearances and the judgment 
of the person taking the specimen. Because crash 
fatalities may have severe trauma and internal 
injuries, it may not always be possible to obtain a 
specimen that assuredly meets this criterion. 

o Death not due to suicide. homicide, or natural 
causes. Given the objective of determining whether 
drugs cause crashes through impairment, these kinds 
of fatalities are irrelevant. During the study, 
all three kinds of disqualifying deaths occurred at 
our sample sites. 

Where possible, screening on these criteria was made at the 
sample sites, which were providedthe explicit criteria in writing. 
All site staffs were instructed to obtain a blood specimen if there 
was any doubt about any.criterion. This would occur, for example, 
when there was initial uncertainty concerning a victim8s role as a 
driver or passenger. A similar situation obtained when cause of 
death was not established until later. In all cases, the final 
determination of case eligibility was made by the Calspan project 
staff. This was done by reviewing the police accident reports (to 
determine, for'example, the type of vehicle arid whether the victim 
was a driver), the coroner/medical examiner reports (to determine, 
for example, the cause of death), and other case documents. 

It was our expectation that all eligibility determinations 
could be completed within a maximum of two months, allowing for 
delays in arrival of case documents from the field sites. However, 
coroner or other reports were sometimes unavailable as long as six 
months after a crash. 

3.1.2 Site Selection 

Prior to award of this contract, NHTSA had made preliminary , 
8 

contact with several States and had suggested five as candidates 
for participation in this study. The development of our sampling 
plan began with this list. It was modified as necessary after 
initial discussions evaluated the capability of the sites to meet 
our operational needs. In adding new sites, an effort was made to 
achieve regional diversity. A strict probability sample of all 
U.S. driver fatalities was not intended, since feasibility 



considerations limited our choice of sampling sites (a) to those - 
having demonstrated the needed capabilities, and (b) to a 
manageable number for system monitoring. 

The site selection process involved a review of the most 
recent FARS blood alcohol data from each State. It was felt that 
any State that had demonstrated the capability for obtaining blood 
alcohol tests on 85 percent or more of fatally injured drivers for 
the FARS system was a good candidate to participate in this study. 
The alcohol tests require (a) that blood be properly drawn from 
fatally injured drivers (b) that the blood be appropriately stored, 
and (c) that the integrity of the specimen be maintained in 
transmittal to a test laboratory. The FARS records showed that 
about half the U.S. States met the 85 percent criterion. 

With the NHTSA-provided list and the FARS data, the candidate 
sampling States were contacted by telephone and in-person visits to 
evaluate site capabilities in relat.ion to our data acquisition 
needs. It was found that States vary in the degree of central- 
ization by which they assign responsibility for obtaining and 
analyzing driver blood specimens: it may be assigned to individual 
counties (as in California), to districts comprising several 
counties (as in Virginia and Massachusetts), or to the entire State 
(as in Wisconsin and North Carolina). These variations mandated 
that we would work with county personnel, with district personnel, 
or centralized State personnel in obtaining our blood specimens and 
coroner/ME reports. Each specific location or agency assuming 
responsibility for sending specimens and coroner/ME reports became 
a sampling "sitew. 

The States also varied according to whether (a) the blood 
specimens were collected by individual coroners and shipped to a 
central location for analysis, or (b) both the specimen acquisition 
and analysis were performed at the central location. The latter 
generally occurred in States which perform autopsies on driver 
fatalities at one or more autopsy centers within the State. The 
implication for our project operation was that only at the latter 
would our project staff routinely interact with the people drawing 
the blood specimens, allowing a closer degree of monitoring of the 
specimen acquisition process. For this reason, preference was 
given to selecting autopsy-center types of sites. 

Because of the variations of within-state systems, it was 
feasible and cost-effective to obtain blood specimens from entire 
States in some instances, and from parts. of States in others. 
Thus, our final sampling system comprised the complete States of 
Massachusetts, North Carolina, and Wisconsin, selected counties 
from California, Nevada, and Texas, and the large Northern District 
of Virginia. Since there were frequently several sampling sites 
within a State, there was a total of 13 sites. The map in Figure 
3.1 shows their locations. 

For each of the sites, the expected number of cases was 
estimated from their record of providing FARS with blood alcohol 

- 



Figure 3.1 SAMPLING SITES FOR THE STUDY 



data. It should be noted, however, that th; FARS data are based on 
where the crashes occurred. Because traffic victims may be 
transportedto nearby adjacent counties or States, and subsequently 
processed by the coroners or medical examiners there, the FARS data 
do not exactly show the cases handled by the coroners or medical 
examiners within a county or State. Table 3.2 lists the initially 
estimated contribution of each site to the sample. 

Because our site selection was heavily influenced by 
considerations of logistic feasibility and effectiveness, the 
sample should be considered "a sample o'f c~nvenience.~~ As 
previously noted, however, effort was made to achieve a sample with 
sufficient regional diversity to at least approximate a national 
sample. .It included States from the East Coast, the West Coast, 
the North Central region, and South Central U.S., and it 
encompassed both urban and rural environments. In Chapter 4, our 
achieved extent of national representativeness is detailed. 

At each of the 13 sampling sites, a person was designated by 
the responsible chief coroner or ME to be the Site Coordinator for 
the drug study. These people were our primary site contacts during 
the study. Usually, however, there were others who also assisted 
in obtaining blood specimens and providing documents. In Wisconsin 
and North Carolina, for example, these included the individual 
coroners distributed across each-State. 

1 In addition to the sampling sites, we dealt with the FARS 
offices in each of the seven participating States. There is one 
FARS office per State, and each of these had a person designated as 
our contact for the study. It was through this person that we 
obtained the needed PARS and FARS reports. 

3 .2  The D a t a  C o l l e c t i o n  system , 

A system was designed to acquire the needed drug and crash 
data, and to monitor all steps in the procedures. Necessarily it 
was a complex one, comprising various subsystems. The five major 
subsystems were: 

o S~ecimen accruisition system. This is the system 
comprising all the coroners, medical examiners, and 
their .staffs participating in the collection of 
blood specimens. The specimens were collected in 
tubes containing sodium fluoride preservative, and 
express-shipped to the assay laboratory. The 
coroners/MEs also provided copies of their own 
reports on each driver fatality (coroner reports, 
death certificate, etc.) as well as forms completed 
specially for this project. This system in turn 
had several subsystems, comprising the components 
and procedures Ntailor-rnadetl to fit the particular 

a requirements of each site. 



Table 3 .2  . 
Sampling Yields I n i t i a l l y  Projected 

Site 

California 
Alameda County 
Los Angeles County 
San Bernadino County 
San Diego County 
Solano County 

Massachusetts 
(Entire State) 

Nevada 
Washoe County 

North Carolina 
(Entire State) 

Virginia 
Northern District 

Texas 
Dallas County 
Tarrant County 

. Wisconsin 
Milwaukee County 
Rest of State 

Total 

No. Cases 
Originally 
Proi ected* 

*Based on FARS data, which may not reflect the exact numbers of 
cases processed by coroners or medica-l examiners within a county 
or State. 



o Crash data acauisition svstem. This system 
comprised the FARS offices in each participating 
State. They provided copies of the police accident 
reports (PARS) and FARS reports on each fatal 
crash. These two reports contained all the needed 
information about the crash and crash conditions, 
including the reporting officer's description. 
Variations of this system were required to 
accommodate the particular organization of FARS 
offices in each State and the way in which they 
would coordinate with the medical examiner offices 
to identify project cases. 

o Drug assav system. This system comprised three 
laboratories. The prime one was American Medical 
Laboratories, Inc., of Fairfax, Virginia. They 
performed the drug assays on all the specimens and 
transmitted the reports to Calspan. The other two 
laboratories were the Quality Assurance Service 
Corporation of Augusta, Georgia, and the Chemical 
Toxicological Institute of Foster City, California. 
They were used in checking accuracy of the assay 
results, using specially prepared test specimens. 

o Monitoring svstem. To keep track of operations in 
the above systems, and to coordinate among them, 
Calspan operated the monitoring system. This 
involved continuous interaction'with coordinators 
for the coroner/medical examiners, the FARS 
offices, and the assay laboratory. To monitor the 
status of all cases and supplies, the staff 
employed two computerized databases: the Case 
Monitoring Database and the Site Supply Database. 

o Case preparation svstem. In operating this system, 
Calspan logged in all field documents and assembled 
them. The staff determined case eligibility and 
encoded information from the field documents into 
the needed study variables; these data were then 
entered into an automated database where final 
quality checks were made preparatory to data 
analysis. 

Figure 3.2 illustrates how each case began with a driver 
fatality and was completed when its data forms were in final 
storage. Sometimes, a case became a nnoncaseli when it failed to 
meet the sampling criteria and was deleted from the system. 

Details of the data collection operations ark provided in 
Appendix D. 
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3.3 Drug Detection Procedures 

Whole blood was selected as the specimen fluid because 
psychoactive eubstances found in the blood are more likely to have 
affected driving performance at the time of the crash than are 
substances detected in other fluids such as urine. In addition, 
parent drugs found in blood are more likely to indicate recent 
ingestion. 

While many laboratories are capable of testing for drugs in 
urine specimens, a much smaller number have the capability of 
performing blood assays in the volume required for this study. 
From among the qualified candidates, the American Medical 
Laboratories (AML) were selected to analyze our specimens. They 
determined the assay methods to be used for the parent drugs of 
interest, and they also chose the metabolites to be tested for. 

3.3.1 Identifying the D r u g s  

The general procedure for assaying each of the substances 
began with highly sensitive screening tests, which signal the 
presence of particular drugs or drug classes. For example, 
radioimmunoassay (RIA) was used to identify the presence of 
cannabinoids, the chemical constituents of Cannabis sativa and 
their metabolites. The scrsening tests may have false positives by 
reacting to irrelevant substances, so they were followed by 
confirmation tests, whi.ch identify particular drug molecules. For 
example, after a positive cannabinoid screen on a specimen, the 
presence of tetrahydrocannabinol (THC) or carboxy-THC was 
determined by gas chromatography and mass spectrometry. At the 
same time, the concentrations of the substances were measured, in 
nanograms (billionths of a gram) per milliliter. 

Table 3.3 shows the assay methods used for each substance in 
the test list. Notice that the sensitivity, or detection 
threshold, is specified for each substance. These thresholds 
result from the particular methods used and AMLt s calibrations. 
The sensitivity limits are critical considerations, because the 
tests should be able to detect blood concentrations resulting from 
dosages moderately below those normally taken. Further, the drugs 
should be detected for a few hours after ingestion, a period during 
which concentrations usually peak and decline. AMLts test methods 
are described in more detail in Appendix E. 

Notice that the list in Table 3.3 includes eleven substances 
designated as metabolites. These are compounds produced by 
metabolism of the originally ingested substances, called "parentet 
drugs. When metabolite tests are included in drug assays, it is 
usually for one or both of the following reasons: 

(a) The metabolite is more likelv to be detected than 
the parent drug. This will be the case when the 
parent substance is so rapidly metabolized that 



Table 3.3 
Substances Assaycdfor, Tests Used, 

and t h e i r  Sens i t i v i t i e s  

Screenins Test Conf irmation/Quanti t a t  i on  Test 

Test Used 

GC/FID 

GC/MS 
GC/MS 

GC/MS 
HPLC 

GC/ECD 
GC/ECD 
GC/ECD 
GC/ECD 
GC/ECD 
WECD 
GC/ECD 
HPLC 
HPLC 

Sens i t i v i t y  Test Used Sens i t i v i t y  Substance 

Alcohol (ethanol) 
Cannabinoids 

Del ta-9 tetrahydrocannabinol (THC) 
Carboxy THC (metabolite) 

Hallucinosens 
Phencycl i d i ne  
LSD 

RIA 
RIA 

RIA 
RIA 

Benzodiaze~ine Tranaui l izers 
D i azewm RIA 

RIA 
R I A/GC/MS 
R I A/G C/MS 
R I A/GC/MS 
R I A/GC/MS 
R I A/GC/MS 
R I A/GC/MS 
R I A/GC/MS 

 ord diazepam (diaz. metab. ) 
Lorazepam 
F Lurazepam 
Desethylf lurazepam (f  ltjraz. metab.) 
Alprazolam 
Oxazepam 
Chlordiazepoxide 
Desmethylchlordirzepoxide 

(chlordiaz. metab.) 
Barb i turate sedatives 

Phenobarbital 
Secobarbital 
Butabarb i ta l  
Bu ta l b i t a l  
Pentobarbital  
Amobarbi t a t  

Central Nervous Svstem Stimulants 
Cocaine 
Benzoylecgonine (cocaine metab.. ) 
Anphetamine 
Methamphetamine 
Caffeine 

Won-barbiturate sedatives 
Ethchlorvynol 
Methaqualone 
Meprobamate 

Antihistamines 
Diphenhydramine 

hydrochloride 
Chlorpheniramine 

Antidemessants 
Ami t r i p t y l i n e  
No r t r i p t y l i ne  (ami t r ip .  metab.) 
lmipramine 
Desipramine (imipramine metab.) 
Doxepi n 
Desmethyldoxepin (dox. metab.) 
Fluoxetine 
Norf Luoxetine (Fluox. metab.) 

Narcotic Anaisesics 
Meperidine 

hydrochloride 
Methadone 
Propoxyphene 
Norpropoxyphene (propox. metab. ) 
Oxycodone 
Codeine 
Borph i ne 
Heroin 

RIA 
RIA 
RIA 
RIA 
RIA 
RIA 

R I A/GC/MS 50 ng/ml 
R I A/GC/MS 50 ng/mt 
RIA 50 ng/ml 
RIA 150 ng/ml 
GC/MS 20,000 ng/ml 

GC/MS 
GC/MS 
GC/MS 
GC/MS 
HPLC 

Spectrophotunetry 50 ng/ml 
GC/MS 50 ng/ml 
GC/MS 1000 ng/ml 

HPLC 
HPLC 
HPLC 
HPLC 
HPLC 
HPLC 
HPLC 
HPLC 

GC/HS 
GC/MS 
GC/MS 
GC/MS 
cc/ns 
R I A/GC/MS 
R I A  
RIA 



Table 3.3 
(Cont i d )  

Antil>sychotics 
Chlorpranazine 
Thioridazine 
Mesordiazine 

Antiarrhythmics 
ouinidine 
Procainmnide 

. Y -Acety lprocai namide , 

( P r o c a i ~ m i d t  metab.) 
Lidocairn 
Flecainide 

Muscle-relaxant 
Cyclobenzaprim 

Screening Test 
Test Used Sens i t i v i ty  

Confirmation/Puantitation Test 
Test Used Sms i  t i v i  t y  

HPLC 
HPLC 
HPLC 

Imunoassay 100 ng/ml 
Imrrrnoassey 500 ng/ml 
Imunoassay 500 ng/ml 

lnm~noassay 200 ng/ml 
HPLC 100 ng/ml 

HPLC 10 ng/ml 

GC = gas chromatography 
RIA = radioinmunoassay 
FID = flame ionizat ion detector 
MS = fnass spectrometry 
ECD = electron capture detector 
HPLC = high pressure l i q u i d  chrometogrephy 



chances are much better of finding the metabolite. 
It may also be the case that available assay 
methods are more capable of detecting the 
metabolite than the parent drug. Benzoylecgonine 
(metabolite of cocaine) and norpropoxyphene 
(metabolite of propoxyphene) are on our test list 
because they are more likely to be detected than 
their parent drugs. The specimens were also 
analyzed for the presence of the parent drugs. 

(b) The metabolite is active. Some metabolites such as 
benzoylecgonine are inert, while others are 
important to detect because they can have 
psychological or physical effects that could impair 
driving. The effects may be similar or different 
from those of the parent. Active metabolites on 
our list are nordiazepam, desethylflurazepam, 
nortriptyline, nordoxepin, norfluoxetine, 
desipramine, desmethyldoxepin, and 
n-acetylprocainamide. 

Conversely, if a parent drug is usually detectable, and its 
metabolites are not known to contribute substantially to 
psychoactivity, the metabolites are not routinely measured. Also, 
a psychoactive but difficult-to-detect metabolite may not be tested 
for if the parent is more readily detected. Reflecting the 
complexities of biochemical processes, some substances can be 
either a parent drug or metabolite. 

In preparing the drug data for analysis, algorithms were 
written to identify parent drugs fromthe specific substances found 
in the blood specimens. These algorithms were based on the 
metabolite and parent drugs detected. Because of the complex 
relationships that may obtain among the substances, it was 
sometimes necessary to incorporate "best bet*' inferences in these 
algorithms. For example, if codeine and morphine were both present 
and the codeine/ morphine ratio was less than 0.1, then morphine 
was identified as the parent drug present. It was sometimes 
necessary, however, for some ambiguity to remain in the 
identification of a drug. For example, when amphetamine was found 
in a specimen but methamphetamine was not, then the drug was simply 
identified as the amphetamine group. The algorithms are presented 
along with the programs for other derived variables in ~ppendix H. 

-3.3.2 Assay Quality Cheeks 

The basic quality control on the assay procedures was 
performed by AML, as part of their standard procedures. In 
addition, independent quality checks were made by Calspan. They 
are described here. 

The main quality check involved the preparation of 52 test 
specimens spiked with prespecified concentrations of selected drugs 



of interest. They were not distinguishable from the other study 
specimens and were inserted into the shipments from one of the 
sites. AML1s assay reports for these specimens were compared with 
those of another laboratory, the Chemical Toxicological Institute 
of California. The results were very satisfactory. AML identified 
all spiked substances except in one instance when spiked 
phencyclidine was found by AML at a level below their sensitivity 
limit, and they properly reported the substance as not detected. 
The variances in AML1s reported concentrations also appeared 
satisfactory. A detailed report of the quality check is presented 
in Appendix F. 

A secondary check on AML1s analyses was made by comparing 
their results with findings from San Bernadino County's 
toxicological laboratory. San Bernadino performed the most 
extensive drug testing of the field sites. As Figure 3.3 shows, 
there was satisfactory agreement on the prevalence rates. 

Another secondary check made was with the BAC results provided 
by the Madison, Wisconsin laboratory. A Pearson correlation of 
0.99 was found between the Wisconsin readings and AML's, an 
excellent result. 

3.4 The ~esponsibility Analysis Method 

One of the contract requirements was to select, develop and 
apply a responsibility analysis method for detecting drug 
impairment effects. We had reviewed various methods of 
responsibility analysis in a previous publication (Terhune, 1983), 
so that effort was updated for this project. More recent studies 
found to use responsibility analysis were by Williams et a1 (1985) 
and Donelson, Haas, and Walsh (1986) . The first of these rated 
driver responsibility on a two-point scale, while the second used 
a three-point scale. Both provided some evidence of validity (an 
increase of responsibility rates with BAC) , and the Donelson et al. 
method evidenced high test-retest reliability on a small sample (39 
drivers). Limited information was available on how to use the two 
methods. Since there was no compelling reason to choose either of 
these methods over the 5-point scale we employed in a previous 
study for NHTSA (Terhune, 1982), we decided to build on our 
previous work. In so doing, we performed the following: 

(1) A codins manual was develo~ed. It clarifies the 
meaning of the responsibility scale, it presents 
explicit definitions of terms, and it gives coding 
guidance for particular kinds of crashes. It also 
provides practice cases and their responsibility 
codes. The responsibility scale is shown in Table 
3.4. 



Phencyclidine Diazepam Pentobarbital 
Flurazepam Phenobarbital 

Dr~lg or Drug Class 
Cocaine 

Lab 

Amphetamines 

Figure 3.3 COMPARISON OF ASSAY RESULTS: 142 SAN BERNADINO CASES -- 
AML'S ASSAYS VS. SAN BERNADINO'S LAB ASSAYS 



Table 3.4 

Explication of  the Crash Responsibility Scale 

Responsible -- Actions of the subject driver-vehicle created 
the critical situation. 

Responsible/contributory -- Driver had some responsibility, 
but it is not clear whether he was responsible or 
contributory. 

Contributory -- Another vehicle or agent created the critical 
situation, but the subject driver could have avoided the crash 
by a normal evasive maneuver or by driving defensively or by 
giving a warning signal ( e . g . ,  horn, flashers) 

Contributory/neither -- At most, the driver's responsibility 
was only contributory. 

Neither responsible nor contributory -- Driver had no 
responsibility for the accident. 

Unknown -- Information is insufficient for rating 
responsibility. Score when driver may be fully responsible or 
not responsible at all. Use rarely. 

Definitions 

Agent -- The precipitator, animate or inanimate, of an event; may 
be another vehicle, a person (e. g. , pedestrian) , an animal, or 
a natural phenomenon such as a tree falling on the road. 

Critical situation -- A condition in which a crash is imminent, 
though it may still be avoidable. (Note: Lack of defensive 
driving does not in itself define a critical situation.) 

Defensive driving -- Driving so as to minimize chances of a 
critical situation developing. . Consists of maintaining 
alertness, anticipatingpossible hazards, taking precautionary 
actions. Examples are: sounding one's horn when a vehicle 
encroaches on one's travel lane; slowing and watching for 
crossing vehicles at a yellow blinker light; slowing when a 
pedestrian appears about to cross the street. 



2 
the refined techniaue. Reliability was assessed 
via intercoder agreement when different coders 
independently coded the same cases. Three 
different coders were employed in this task. It 
was found that after an initial practice on 40 
cases, intercoder correlations averaged above 0.90. 
Validity was demonstrated by showing that 
responsibility rates increased systematically with 
BAC. (Further evidence on this is provided with the 
results in Chapter 5 . )  

Theoretical aspects were deve1o~ed:The theoretical 
considerations underlying the notion of crash 
responsibility were discussed and related 
concepts of causation. 

These three products were incorporated into '@A User's Guide 
Rating Crash ResponsibilitytW which is presented as Appendix G 
this report. 

Two trained coders did-the coding of driver responsibility 
all the cases of the study. The cases were assigned 
approximately random fashion, -and 'each coder rated responsibility 
in half the cases. To evaluate.the consistency of their coding 
over time, the coders exchanged 50,  cases and recoded them at 
approximately three-month intervals. Their agreement on each set 
was measured by the Pearson correlation coefficient of their 
ratings. Table 3.5 shows the very high correlations maintained. 

3 . 5  Database Assembly 

Needed information about the cases came to Calspan from the 
various field documents, and this information was encoded into 
relevant variables on code sheets. The data sources and the code 
sheets are summarized in Table 3.6. An automated database was 
created on a microcomputer, using the SPSS Data Entry program. 
This involved assigning names, value labels, field widths, etc. to 
all the variables. 

Data Quality Control 

The data for all'cases were keypunched a second time to check 
their correctness, using the SPSS verification program. Other 
checks made on the data were as follows: 

o Drua concentration ranaes. The SPSS Data Entry 
program was used to identify all drug 
concentrations with unusually high values. These 
were reviewed with our assay laboratory for 
confirmation or correction. 



Date of check 

T*le 3-5 

- lntercodcr Re1 iabi 1 i t y  Checks m Responsibi 1 i t y  Coding 

Nunber of single-vehicle crashes 
N M k r  of au l t i  -vehicle crashes 
Pearson r ,  nu*l(ti-vehicLe crashesC 
Pearson r, a l l  crashes* 

*Between-coder agreement Level i s  shoun by Pearson correlation coefficient of two coders ratings 
on the same cases. 



Table 3.6 

F ie ld  Docurents a d  C a k  Steets 
Uscd in  Database Preparation 

Information i F ie ld  Docunent 
Category Information Swrce 

I 

Specimen I case ~ n i t i a t i o n  ~ o r n  
co l lec t ion  I Coroner/M.E. Report 
time factors I Specimen Receipt Report 

I 

Specimen 
I 

Drug Assay Report 
condit ion & I Therapeutic Drug Report 
assay resul ts I 
Driver 

I I Police Accident Report 
responsibi 1 i ty, 
c o l l i s i o n  type 

Crash 
I I Fatal Accident Reporting 

circunstances I System Report 
I 

Data Entry 
Code Sheet 

Timi? Variables 
Code Sheet 

Drug Assay Report 
I 
I 
1 
I 

PAR Data Code Sheet I 
I 

FARS Data Code sheet 
I 

I 
I 



o Internal consistencv checks. Particular values on 
some variables logically require certain values on 
other variables. These connections were checked via 
computer and any inconsistencies were corrected. 

o Review of univariate distributions. The frequency 
distributions or descriptive statistics (means, 
ranges, etc.) were printed for all variables. 
These data were inspected for any anomalous values, 
and questionable cases were identified for 
confirmation or correction.' 

3.5.2 Derived Variables 

In addition to the basic variables, another 152 variables were 
derived from the basic variables. (See Appendix H.) Predominantly, 
these captured central drug dimensions, derived from the basic 
variables of drug concentrations. The derived drug variables 
comprised the following: 

o Dichotomized variables - These specified the simple 
presence or absence of each drug. 

o Parent druss insested - Taking into account the 
presence of metabolites and whether a drug had been 
administered in treating the driver, these 
variables indicate the parent drugs ingested by the 
drivers. 

o Cateaorized concentration variables - To provide a 
basis of comparison for the concentrations of the 
various drugs, these variables expressed the 
concentrations in categories of 1eNone91, "Tracee1, 
"LowI1 , "High1I, and elToxicll. The "tracew categories 
are concentrations at or slightly above AML1 s 
detection thresholds, while the eltoxicw levels were 
provided by the toxicology staff at AML. The range 
between these extremes was divided into equal-sized 
"lowM and "highw categories. If a toxic level was 
unknown, then the midpoint of the obtained range of 
values above trace was made the divider between 
"loww and @Ihighw. Necessarily, other researchers 
might create different categories. Table 3.7 shows 
the categories created. 

o Druq classes - Each of the drugs was assigned to a 
class, such as hallucinogen, minor tranquilizer, 
etc. (See Table 2.1.) Since such classes have not 
-yet been standardized by the. pharmacological 
discipline, they are somewhat arbitrary. Our 
classes were established in consultation with the 
AML toxicological staff. Each of the drug class 



Assignnnt of Drug Concatretiars to  Categories* 

Concentration Category 

Substance Trace Low High Toxic 

Ethanol 

Delta-9 THC 
Carboxy THC 
Phencyclidine 
Diazepam 
Nordiazepam 
Chlordiazepoxide 
Desmethylchlor- 
diazepoxide 

Phenobarbital 
Butalbitak 
Pentobarbital 
Cocaine 
Benzoylecgonine 
ARphetamim 
Methanphetanine 
Diphenhydramine 
hydrochloride 

Chtorpheniramine 
Amitryptyline 
Nortryptyline 
Ftuoxetine 
Norfluoxetine 
Meperidine 
hydrochloride 

Propoxyphene 
Uorpropoxyphene 
Codeine 
Horph ine 
Lidocaine 

.02-.05 Lou 

.06-.09 Intemd. 
> 0.15 - 

** 
** 

> 90 - 
> 5000 - ** 
> 5000 - ** 
> 35,000 - . 10,000 - 
> 10,000 - 

1000 - 
> 90,000 - 
> 200 - ** 
> 10,000 - 

** 
> 500 - 
> 500 - ** 

** 
> 1000 - 
> 500 - . 2000 
'; - 200 
' ZOO 

6000 - 

Categories uere assigned only to substances found in 3 or more drivers. Ethanol 
concentrations are in X ueight/volune; all other substances are in nanograms per milliliter. 

** No toxic Level was established. 



variables indicates . t h e  pxesence/absence of at 
least one drug in the class. 

Driver classes by druq involvement - Since the 
units of study are drivers, it is extremely useful 
to have a variable that places the drivers into 
mutually exclusive and mutually exhaustive 
categories according to the array of substances 
detected or not detected in their blood. The 
variable created for this purpose is named 
SUBSAMPL, and its values are shown in Table 3.8. 

In constructing SUBSAMPL, drivers with THC were 
distinguished from those in which the inert 
metabolite carboxy-THC was found without THC, so 
that each could be examined separately. A similar 
distinction was not made between cocaine and its 
metabolite benzoylecgonine, because of the low 
frequency with which cocaine was found alone. 

In addition to the derived drug variables, other derived 
variables were mainly recodes of basic variables into categories 
useful for data analysis. The algorithms for all the derived 
variables are presented in Appendix H. 



Table 3.8 

Value of 
SUBSAMPL 

The Variable SUBSAMPL: The Driver Sample 
Divided Into Mutually Exclusive and 

Mutually Exhaustive Categories 

Substance Group 

Drugfree drivers 
Drivers with 1 substance only in system 

Alcohol, BAC < 0.10% 
Alcohol, BAC > 0.10% 
Tetrahydrocannabinol (THC) * 
Carboxy THC 
Cocaine/Benzoylecgonine 
Benzodiazepines 
Amphetamines 
Other single substance 

Drivers with alcohol plus another d m g  
Alcohol and THC* 
Alcohol and carboxy-THC only 
Alcohol and cocaine/ benzoylecgonine 
Alcohol and benzodiazepines 
Alcohol and amphetamines 
Alcohol and 1 other not above 
Alcohol and 2 or more other 

drugs (may include cannabis 
or stimulant) 

Drivers with non-alcohol combinations 
2 drugs 
3 or more drugs 

*With or without carboxy THC 



4.0 THE OBTAINED SAMPLE 

The sites yielded substantially fewer cases than was 
projected, though this was not apparent until well into the data 
collection phase. The first problem to be recognized was at the 
Los Angeles County site. Accumulating case numbers were far below 
expectations, and investigation revealed that the county medical 
examiner's staff was overwhelmed by inordinate numbers of 
fatalities, particularly homicides. Data collection for the study 
suffered accordingly. Despite efforts to rectify the problem, 
there was little improvement, and Los Angeles County ultimately 
yielded only 98 of its projected 470 cases. Clearly, this was a 
significant loss to the project. 

The fact that other sites were not yielding the expected cases 
became apparent only later, due to the time lags in the arrival of 
field documents and subsequent identification of eligible cases. 
To increase the sample size, data collection was extended two 
months, through May 1991.   ow ever, neither Los Angeles County nor 
North Carolina participated in the additional months. Other sites 
were finding the continued participation a burden on their staffs, 
so data collection was not extended further. The final count of 
eligible cases was 1,882. 

After data collection was- completed, the FARS automated 
database for the study period became available for analysis. From 

I . this, we made a count of the driver fatalities occurring within the 
geographical areas and,time period sampled by the project. This 
revealed a total of 2,548 cases meeting those of our sampling 
criteria that are measured by FARS variables. This suggests that 
had there been no losses due to other factors, the sites would have 
provided close to our targeted sample size. However, FARS does not 
indicate whether sufficient uncontaminated blood was available, 
whether it was possible to obtain a specimen within 96 hours after 
death, or whether the fatality was processed at our sites or 
elsewhere. (Some victims may be transported to adjacent counties 
or States.) Hence, the FARS data indicate the cases that would 
have been eligible, had these other factors not intervened. 

Table 4.1 compares the FARS counts with the counts provided by 
each of our sampling sites, including only crashes occurring within 
each site's geographic boundary (a county or State) . The last 
column lists the wcompletion ratestt for each site, an amroximate 
index of its success- in providing specimens for- the cases that 
ideally would have bebn included in the project. The median site 
completion rate was 78.9 percent, somewhat-below our anticipated 
completion rate of 85 percent or higher. 

(Note that the two smallest sites yielded a few more cases than the 
FARS counts, resulting in "completion ratesmt exceeding 100 percent. 
Since only aggregate statistics were compared, the reasons for the 
mismatch were not identified.) 



./- 
S i t e  - 

Thle 4.1 

The Elisiblc Driver Pop l la t ia r  ud 'the O b t a i r d  Smple 

Cal i fornia 
Alcwncda Comty 
Lassen C o u n t p * *  
Los Angeles County 
San B e r ~ d i m  County 
San 0i-0 county 
Solano County 

Massachusetts 

Nevada-Uashoe County 

North Carolina 

Virginia-Northern d i s t r i c t  

Texas 
Dallas County 
Tarrant County 

Uisconsin 

Totals 

(1) 
E l i g i b l e  
Popitation, 
per FARS* 

(2) 
Total 

Obtained 
S-le 

40 
. I 2  
98 

132 
145 
25 

1 73 

42 

530 

83 

115 
106 

381 
- 
1882 69.7% 

(Including L.A.) 

78.7% 
(Omitting L.A.) 

*FARS cases designated "el ig ib le"  were a l l  vict ims who met the fol lowing c r i t e r i a :  f a t a l l y  
in jured dr iver  o f  car, truck, or motorcycle; died w i th in  
sanpling time frame; died w i th in  4 hours a f t e r  crash; age 15 
or older; crash occurred w i th in  geographical boundaries of 
StateKwnty.  

**Includes only victims from crashes w i th in  the State or County sanpled; cases from adjacent 
counties were omitted i n  co lum (3) .  

***Lassen County cases were processed a t  the Uashoe County, Nevada s i te.  



4 . 1  Comparison with a National Population 

Although our sample was intended to be only an approximation 
of a national sample, it is useful to know how similar our sample 
is to a national population of driver fatalities. The latter was 
provided by obtaining descriptive data for the entire country from 
FARS. However, rather than compare our sample with all driver 
fatalities, it was considered more appropriate to identify that 
national population of driver fatalities which occurred during our 
data collection period and which met our sampling criteria of 
survival time, driver age, and vehicle type. Thus, any differences 
in the characteristics of our sample and that population could be 
attributable only to our geographical sampling areas and to any 
biases introduced by incomplete sampling. 

Table 4.2 compares our sample with the national population on 
variables likely to be related to alcohol and drug use. The sample . 
and population are highly similar in all respects except that our 
sample is slightly more urban than the national population. The 
latter aspect likely results from our site selection procedure. 

4.2 Adjusting for sampling Bias. 

As noted previously, most sites evidenced omission of some 
eligible drivers from the samples provided. This raised the 
possibility of sample bias and distortion of our findings regarding 
drug prevalence rates. To determine the presence of any biases, 
the sample provided by each site was compared with the eligible 
drivers at that location identified through FARS. In other words, 
we compared the drivers listed in the first and third columns of 
Table 4.1. Comparisons were made on the variables shown in Table 
4.2. Large differences were not found, but some sites evidenced 
bias on driver age, weekends vs. weekdays, crash time of day, and 
single-vehicle vs. multivehicle crash. For example, the largest 
bias was at the Dallas site, where weekend fatalities were 
underrepresented in the sample: 60 percent of the eligible FARS 
fatalities occurred on weekends, while only 41 percent of the 
sample fatalities did. Such a bias could lead to an undercount of 
alcohol and other drugs in the sample. 

To provide an accurate picture of drug prevalence rates at the 
sampling sites, a bias adjustment was effected by adding a 
weighting variable to' our automated database. This weighting 
variable was created by the following procedure: 

(1) For each site, a count was made of the sample 
drivers in each combination of driver age 
categories (15-24,  25-54, 55 and older) , weekend 
vs . weekday, daytime (6AM-6PM) vs . nighttime 
(6PM-6AM), and single-vehicle vs. multivehicle. 



Table 4.2 

Comparison of the Drug Study Sample With Drivers 
in the FARS National Population Who Met 

the Study Sampling Criteria* 

Variable of Com~arison 

Driver Age 
15-17 
18-20 
21-24 
25-34 
35-44 
45-54 
55-64 
65 & older 

Total 

Driver Gender 
Male 
Female 

FARS Drug 
Drivers Study 

Crash Time of Day 
12:Ol AM-6:OO AM 
6:01 AM-12:OO Noon 
12:Ol PM-6:00 PM 
6:01 PM-12:OO Midnight 

Land Use 
Rural 
Urban 

*Both the drug study sample and the selected FARS drivers met the 
following criteria: fatally injured drivers of car, truck, or 
motorcycle; died within 4 hours after crash; age 15 or older. The 
time period covered is April 1990-May 1991. 



Table 4 .2  (continued) 

Variable of Comparison 

Crash Day of Week 
Sunday 
Monday 
Tuesday 
Wednesday 
Thursday 
Friday 
Saturday 

FARS 
Drivers 

Manner of collision 
 onc collision . 52.4 
Rear-end 5 .0  
Head-on 21.4 
Angle 19.3 
Sideswipe-same dir. . 0.9 
Sideswipe-opp. dir. 0.9 
Rear-to-rear 0.1 

Body Type 
Automobile 
Motorcycle 
Light truck 
Medium/heavy truck 

Police Reported Alcohol Involvement 
Alcohol not involved 32.0 
Alcohol involved 29.0 
Not reported 16.4 
Unknown 22.6 

Drug 
Studv 



(2) For the geographical region of each site, a count 
was made of the eligible FARS drivers in each of 
the preceding combinations. 

(3) In each of the combinations, every sampled case was . 
assigned the following weight: 

No. FARS cases in combination 
No. sample cases in combination 

Exam~le. At one site, FARS indicated that there were 36 
driver fatalities in the combination: weekend crash 
occurring in the daytime, collision (2 or more vehicles), 
driver age 25-54. Our sample for that site had only 30 
drivers in the combination. Consequently, each of the 30 
cases was assigned a weight of 36/30, or 1.20. 

By applying the weight variable, the drug prevalence rates 
estimate what they would have been if the sample had distributions 
of the adjustment variables (age, etc.) similar to their 
distributions in the FARS population. These results are presented 
in the next chapter. 



5 . 0  RESULTS 

This chapter presents the results under three main headings. 
The first is the nature and scope of the drugs found, wherein we 
present the drug prevalence rates and the patterns of single and 
multiple drug use. The second is crash circumstances, which are 
described . in terms of driver, vehicle, and environmental 
characteristics linked to crash drug presence. The third is crash . 
causation, wherein we examine the data for any evidence that drugs - 
helped to cause the crashes. These sections respectively address 
the first, third, and second objectives of the study. 

5 .1  The N a t u r e  and Scope of Drugs Found 

Throughout this section, the prevalence rates have been 
weighted to compensate for sampling bias at the sites. Interested 
readers will find unweighted prevalence rates in Appendix I. The 
weighting had a negligible effect on the prevalence rates for the 
whole sample, with somewhat greater effect on the rates for the 
individual sites. 

Confidence intervals are provided with the prevalence rates in 
Appendix I. Although they are not directly applicable to the 
bias-adjusted rates, they provide a useful reference for the 
latter. 

5 .1 .1  The  D r u g s  D e t e c t e d  

Figure 5.1 succinctly summarizes the drug involvement of the 
entire driver sample. Altogether, 57.9 percent of the drivers had 
at least' one substance (alcohol, drug) detected. Alcohol was by 
far the most prevalent substance, appearing in 51.5 percent of the 
specimens, mostly in the intoxication range above 0.10% BAC. 
Nonalcoholic drugs were found in 17.8 percent of the drivers. As 
the pie chart shows, when drugs were found, alcohol was usually 
found. In only 6.4 percent of the drivers was a drug detected 
without alcohol. 

Drugs of abuse dominated the substances detected. After 
alcohol, the most common drugs were cannabis (detected as THC or 
carboxy-THC in 6.7 percent of the drivers) and cocaine (detected as 
cocaine or benzoylecgonine in 5.3 percent). Amphetamines appeared 
at the much lower rate of 1.9 percent, while the hallucinogens 
phencyclidine (PCP) and .LSD were rarely found. 

Medicinal drugs were noteworthy for their low frequencies. 
Even the comprehensive group of benzodiazepine tranquilizers 
appeared in only 2.9 percent of the specimens, while barbiturates 
were half as prevalent. Somewhat surprisingly, not a single driver 
was found to have ingested antipsychotic drugs' or nonbarbiturate 
sedatives. 



ALCOHOL ALONE 
40.1% (39.7%) 

\ 

DRUG FREE 
42.1% (42.7%) 

-- 

DRUG or DRUG CI ASS 

ALCOHOL: BAC 2 .lo% 
ALCOHOL: BAC < .lo% 
CANNABIS 
COCAINE 
BENZODlAZEPlNE TRANQUILIZERS 
AMPHETAMINES 
BARBITURATE SEDATIVES 
NARCOTIC ANALGESICS 
ANTIDEPRESSANTS 
ANTIHISTAMINES 
HALLUCINOGENS 
ANTIARRHYTHMICS 
MUSCLE RELAXANTS 
ANTIPSYCHOTICS 
NONBARBITURATE SEDATIVES 

PRFVqLENCF RATF 

42.6% (42.6%) 
9.0 (8.3) 
6.7 - (6.9) 
5.3 (4.5) 
2.9 (3.3) 
1.9 (2.0) 
1 .S (1.5) 
1.2 (1 .O) 
0.8 (0.8) 
0.6 (0.6) 
0.3 (0.2) 
0.1 (0.1) 

< 0.1 (0.1) 
0.0 (0.0) 
0.0 (0.0) 

Figure 5.1 DRUG PREVALENCE IN THE ENTIRE SAMPLE OF 1882 DRIVERS 
(DATA WERE WEIGHTED TO COMPENSATE FOR SAMPLE BIAS; 
RESULTS FOR UNWEIGHTED DATA ARE IN PARENTHESES) 



Figure 5.1 provides the prevalence rates of the drugs with and 
without the adjustments for sampling bias. It can be seen that the 
effects of the adjustments were slight, and the relative 
frequencies of the drugs were unaffected. 

A breakdown of the individual drugs is given in Table 5.1. 
Note that the prevalence rates for cannabis and cocaine drop to 4.3 
percent and 2.8 percent respectively, when only their parent forms 
are considered. 

Table 5.2 indicates the concentration levels that were.found. 
Very high BACs are reflected in the predominance of toxic 
concentrations for alcohol. In contrast, the cannabis and cocaine 
substances were found at trace or low levels. It should be 
understo'od that a low concentration could reflect either a low 
dosage at ingestion or a higher dosage from which the blood 
concentration had declined substantially by the time of death. 

5.1.2 ~ocational Variations 

Particularly interesting are the variations in drug prevalence 
rates across regions and land use (rural/urban) areas. Regional 
variations are suggested by Table 5.3. The data are grouped by 
State, but it should be understood that the statewide 
representativeness of the California, virginia, and Texas results 
is unknown; their sampling sites are mainly urban. The table shows 
that amphetamines were nearly exclusively found in California, 
while alcohol, cannabis, and cocaine were unusually prominent in 
the sampled area of Texas i.e., Dallas-Fort Worth. In contrast, 
the Wisconsin drivers tended to be lowest in abuse-drug 
involvement. 

' Table 5.4 provides detailed results for all the substances -- 
parent drugs and metabolites -- for each of the specific sampling 
sites. These data suggest further variations within States. Among 
the California sites, for example, cannabis .was most frequent in 
San Diego County, while cocaine was most prevalent in the Alameda 
and Los Angeles samples. In Texas, cocaine was far more common in 
Dallas County than in Tarrant County (Ft.Worth). Great caution is 
necessary in viewing the results of individual sites, however, for 
smaller samples sizes necessarily have lower statistical 
reliability. At the same time, the results suggest the hazard in 
making generalizations from single-city or even single-State 
studies. 

A comparison of rural and urban results is provided by Figure 
5.2. It shows that drugs were more frequently found in the urban 
crashes; 20.9 percent of the urban drivers had drugs other than 
alcohol in their systems, compared to 15.1 percent of the rural 
drivers. The greatest differences were in the stimulant drugs: 
cocaine and amphetamines were twice as prevalent in the urban 
crashes. This is somewhat misleading, however, fox the 
amphetamines were mainly a California phenomenon. - A restricted but 



PrcvaLarc Rates of the D m  Detected. 

Data Ueighted t o  Compensate fo r  Sample Bias on Driver Age, Mamer o f  Coll ision, 
Time of Day, and Ueekend/Ueekday 

(Note: Percentages are not additive, because more than one drug may be found i n  a dr iver 's  blood.) 

Alcohol 
Cannabis 
Benzodiaze~ine t ranaui l izers 

D i azepam 
Diazepam/chlorazepate/chlordiazepoxide 
Flurazepam 
Chlordiazepoxide 

CNS Stimulants 
Coca i ne 
Amphetamine group 
Methamphetamine 
Caffeine 

Barbiturate Sedatives 
Phenobarbital 
Buta lb i ta l  
Pentobarbital 

Narcotic Analqesics 
Meperidine hydrochloride 
Methadom 
Propoxyphene 
Codeine 
Heroin/codeine/morphim 

Antidepressants 
Amitr ipty l ine 
Imipramine 
Doxepin 
Fluoxetine 

Antihistamines 
Diphenhydramine 
hydrochloride 

Chlorpheniramine 
Hallucinogens 

Phencyclidine 
LSD 

Antiarrhvthmics 
Procainamide 

Muscle Relaxant 
Cyclobenzaprine 

Parent 
Drug** 

Parent o r  
Metabolite** 

*Drugs tested fo r  and not found: lorazepam, alprazolam, oxazepam, secobarbi ta l ,  butabarbi ta l ,  amobarbi t a l ,  
ethchlorvynol, methaqualone, meprobamate, oxycodone, chlorpromazine, thioridazine, mesordiazine, quinidine, 
f lecainide. 

**Data under "Parent Drugn are the percentage of cases i n  which the speci f ic  (parent) drug was detected. Data 
mder "Parent or Metaboliteu are the percentage of cases i n  which ei ther the parent drug of i t s  metabolite 
was detected. 



C a m n t r a t i o n  Categories o f  Sdstmces F a r d  in 3 or More D r i v t r o  

Data Weight4 t o  Conpcnsate f o r  Sarrple Bias on Driver Age, Manner of Coll ision, 
time of Day, and Ueekend/Ueekday 

Concentration CatesorP 

Substance 

Lleohol (ethanol) 
Cannabis 

Delta-9 THC 
Carboxy-THC 

Hallucinogens 
Phencycl id im 

Benzodiazepi m s  
Diazepam 
Nordiazepam 
Chlordiazepoxidt 
Dcsrnethylchlordiattpoxide 

Barbiturate Sedatives 
Phenobarbital 
Butalbi t a l  
Pentobarbital 

CNS Stinulants 
Cocaine 
Benzoyletgonine 
Amphetamine 
Methanphetnmi ne 

Antihist imines 
D i phenhydrami ne 
Chlorpheniramint 

Antidepressants 
A m i t r i p t y l i m  
N o r t r i p t y l i m  
FLuoxetinc 
N o r f l w x e t i m  

Narcotic Analgesics 
Propoxyphent 
Norpropoxyphem 
Codeine 
norph i m 

# Cases 
with druq 

1316 

109 
172 

5 

56 
53 
8 
7 

17 
15 
6 

70 
136 
26 
46 

9 
4 

6 
6 
7 
7 

14 
14 
9 
9 

Trace - 
2.1% 

22.9 
0.0  

0.0 

33.9 
24.5 
0.0 

28.6 

0.0 
0 .0  
0.0 

30.0 
4.5 

15.4 
8.7- 

0.0 
0.0 

0.0 
0.0 
0 .0  
0 .0  

0.0 
0.0 
0.0 

22.2 

low 

15.3% 

69.7  
99.4 

0.0 

66.1 
73.6 
87.5 
57.1 

88.2 
93.3 

100.0 

61 - 4  
95.5 
3.8 

87.0 

88.9 
50.0 

33.3 
16.7 
14.3 
71.4 

28.6 
28.6 
55.6 
22.2 

Toxic - 
62.6% 

** 
+* 

a0:o 

0.0 
*+ 

12.5 
** 

0.0 
4 . 7  
0.0 

2.9 
0 .0  

3L.6 ** 

11.1 
** 

33.3 
16.7 
.I. 

** 

71 -6  
71.4  
33.3 
44.4 

Total - 
100.0% 

100.0 
100.0 

100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

*See Table 3 . 8  f o r  concentration ranges of the categories. 
**A tox ic  Level was not ident i f ied.  



D w  C1.u Pm1ar:e Rates Within State traps* 

Data Uei&ted to -te for Srple B i n  m Driver Age, W e m r  of Collisian, 
l i r  of Day, rd Vcctad/Ycclrdry , 

D r w  Class 

Alcohol (ethanol) 

Camsbi s 

Cocaine 

Benzodiazepincs 

krphetamincs 

Barbi turatcl 

Narcotic Analgesics 

Antidepressants 

Antihistimines 

Hallucinogens 

Ant iarrhythmics 

Muscle Relaxants 

Nonbarbiturate 
Sedatives 

Cal ifornia 
$5 covltiesl 

51.8% 

7.7 

5.3 

1.5 

9.4 

1.3 

1.6 

1.0 

0.4 

0.6 

Mass. - 
54.8% 

9.1 

5.4 

5.5 

0.0 

1.1 

0.5 

1.6 

0.7 

0.0 

N.C. - 
46.1% 

4.3 

5.1 

4.9 

0.0 

1.4 

1.3 

0.8 

0.5 

0.0 

Virginia 
J15 covlticl) 

53.3% 

5 -9 

4.8 

1.2 . 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Texas 
32 emties2 

67.7% 

13.3 

12.9 

4.0 

2.1 

3.6 

1.5 

0.5 

1 .o 

0.0 

Antipsychotics 0.0 0.0 0.0 0.0 0.0 0.0 

Uisc. 0th.er Drugs 1 .4 1.8 1.1 1.4 1.8 0.5 

~otal Cases (Ueighted) 830 234 669 108 459 197 

Note: Colums do not add up to 100% because more then one drug class can be found for any one driver. 

Uashoe, Nevada site was excluded in this analysis due to small sanple size. 
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ALC 

RURAL URBAN 

DRUG FREE 
45.7% 

RURAL DRUG OR DRUG CLASS 

ALCOHOL: BAC? . 1  OoA 
ALCOHOL: BAC < . lo% 
CANNABIS 
COCAINE 
BENZOD1AZEPINES 
AMPHETAMINES 
BARBITURATES 
NARCOTIC ANALGESICS 
ANTIDEPRESSANTS 
ANTHISTAMINES 
HALLUCINOGENS 
ANTIARRHYTHMICS 
MUSCLE RELAXANTS 

URBAN 

33.2% 
7.6 
8 . 3  
7.2 
2.6 
2 . 5  
1.8 
1.3 
1 .o  
0.5 
0.4 
0.0 
0 .0  

DRUG FREE 
38.3% 

Figure 5.2 DRUG PREVALENCE IN RURAL AND URBAN DRIVER FATALITIES (WEIGHTED DATA) 



perhaps more accurate rural-urban comparison is in Table 5.5, which 
is limited to the States providing statewide samples. Amphetamines 
hardly enter the picture there, but otherwise the preponderance of 
drugs in urban crashes is upheld. 

5.2 Patterns of Single and Multiple Drug Use 

In Figure 5.1, the pie chart gave a succinct ovenriew of the 
proportions of drivers who were drugfree, alcohol-involved, and so 
on. Now 'we shall examine the driver groups in greater detail, 
using the categories defined by the variable SUBSAMPL (Table 3.8). 
Table 5.6 shows the'driver breakdown. The following points are 
noteworthy: 

(1) Amona drivers with one substance only in their 
blood. alcohol dominated, at intoxication levels. 
No other single-substance group comprises more than 
1 percent of the drivers. Even if we combine THC 
and its inactive metabolite, only 1.1 percent of 
the drivers were in the cannabis-only group. 
combining cocaine and amphetamines, 1.2 percent of 
the drivers had only stimulants in their systems. 
The remaining sing1e:substance cases (the 34 
"otherw drivers) involved mainly medicinal drugs. 

Of the alcohol-drua combinations, alcohol was 
combined mainly with druas of abuse. When alcohol 
was combined with one other drug, the latter was 
cannabis, cocaine, or amphetamines in nearly 2/3 of 
the cases. Benzodiazepines were also prominent in 
the alcohol-drug combinations. In combinations 
involving alcohol and two other drugs, cannabis, 
cocaine, and benzodiazepines were predominant. In 
all alcohol-drug combinations, the alcohol was 
mainly at intoxication levels. 

Multiple drua use not involvina alcohol was rare. 
Table 5.6 shows that a drug combination not 
involving alcohol was found in only 1.3 percent of 
the drivers. In these few cases, abuse druqs and 
benzodiazepines were again prominent. 

- 

[At this point, the analyses move away from drug prevalence rates. 
The remainder of this chapter examines relationships among 
variables, particularly the relation of drugs to other variables. 
Unweighted data were used for these analyses in order to permit 
statistical tests of significance. Thus, all relationships that 
follow pertain to the original unweighted data.] 



Table 5 . 5  

Drug Prevalence Rates in Rural and Urban Fatal Crashes: 
Combined Rates of Massachusetts, North Carolina, and Wisconsin 

Data Weighted to Compensate for Sample Bias on Driver Age, Manner 
of Collision, Time of Day, and Weekend/Weekday 

Alcohol: BAC 2.10% 
Alcohol: BAC <.lo% 
Cannabis 
Cocaine 
Benzodiazepines 
Amphetamines 
Barbiturates 
Narcotic analgesics 
Antidepressants 
Antihistamines 
Hallucinogens 
Antiarrhythmics 
Muscle relaxants 

Total cases 

Urban 



Table 5.6 

The Driver Sample Divided Into Mutually 
Exclusive and Mutually Exhaustive Groups 

by   rugs Present 
Data were weighted to compensate for sample bias on Driver Age, 

Manner of Collision, Time of Day, and Weekend/Weekday 

Substance GrouD 
Druaf ree 'drivers 

Drivers with 1 substance onlv in svstem 
Alcohol: . BAC <0 ..lo% 
Alcohol: BAC 20.10% 
Delta-9 THC' 
Carboxy THC~ 
Cocaine/Benzoylecgonine 
Benzodiazepines 
Amphetamines 
0the9 

Actual Weighted 
~umbep Prevalence 
803 42.1% 

Drivers with alcohol-druu combination9 
Alcohol & delta-9 THC' 37 (32) 2.0 (1.7) 
Alcohol & carboxy-THC2 29 (26) 1.5 (1.3) 
Alcohol & cocaine/benzoylecgonine 49 (41) 3.1 (2.7) 
Alcohol & benzodiazepines 18 (13) 0.8 (0.7) 
Alcohol & amphetamines 13 (9) 0.6 (0.4) 
Alcohol & 1 other not above4 19 (13) 1.1 (0.7) 
Alcohol & 2 or more otherS 46 (38) 2.3 (1.9) 

 rivers with non-alcohol combinations 
2 drugs6 20 1.1 
3 or more drugs7 5 0.2 

Total 

Notes 
'uith or without carboxy THC 

'uithout THC 

3~ncludes barbiturates (6), antihistamines (61, narcotic analgesics (S), and miscellaneous others 

41nctudes barbiturates (a), antihistamines (3). and miscellaneous others 

cannabis (31 drivers), cocaine (21 ), benzodiazepines (21 ), barbiturates (7). and miscellaneous others 

61ncludes barbiturates (7 drivers), benzodiazepines (51, cannabis ( 5 ) ,  cocaine ( 4 ) ,  anphetamines (4)' and 
misceltaneous others 

7~ncludes anphetamines (41, cocaine ( 3 ) ,  cannabis (21 and miscellaneous others 

%he actual nunbers cannot be used to calculate the weighted prevalence rates, though they will approximate 
them 

'~igures in parentheses are for BAC 2 0.10% 



Alcohol-drucr ~atterns. Since alcohol dominated the substance 
combinations, the specific drug-alcohol combinations are further 
described in Table 5.7. An interesting implication of the data is 
that alcohol use and cocaine or cannabis use are not just 
co-occurrences; they are correlated to a modest degree. This is - especially true of cocaine use, which involved alcohol in 83 
percent of the cases. The odds rztios in Table 5.7 suggest that 
not only is cocaine use likely to involve alcohol, but a converse 
relationship is also indicated: the chances of finding cocairSe were 
4.9 times higher when alcohol was present than when it was not. 
Similar but weaker patterns were found with cannabis (THC) present. 

 he amphetamines did not exhibit the same pattern as cocaine, 
although both are central nervous system stimulants. In fact, 
alcohol was less likely to be found when amphetamines were present 
than when they were not. In inquiring to the National Institute of 
Drug Abuse as to why the cocaine and amphetamine patterns differ, 
we learned that users report preferring cocaine with alcohol 
because it takes ; the vledge'l off the cocaine' effect. They 
apparently do not have the same experience with amphetamines. It 
is also possible that amphetamines are less frequently combined 
with alcohol because they are used to combat fatigue. 

Table 5.7 shows that the correlations of alcohol presence with 
the presence of the medicinal drugs were nil. It appears, then, 
that abusing alcohol implies a tendency to use other drugs of 
abuse. This suggests a behavioral pattern of users, which we take 
up in the' next section. 

5.3 Circumstances of Drugs in Crashes 

Here we address the third objective of the study: to describe 
the crash circumstances in which drugs are found. These were 
examined in terms of driver variables, vehicle variables, and 
ambient conditions of the accidents. To explore the network of 
relationships involving these factors, the variable SUBSAMPL was 
used. 

5.3.1 Driver Patterns 

Table 5.8 shows characteristics of the drivers in each of the 
SUBSAMPL groups. Those groups differed significantly on every one 
of the variables. The comparisons of most interest are between the 
alcohol/drug groups and the drugfree drivers. 

Aae differences. The age differences of the substance groups 
were pronounced. The 25-54 age range was overrepresented in 
drivers who had ingested alcohol and/or abuse drugs. The youngest 
drivers were pronounced in the cannabis and cocaine groups, with or 
without alcohol also present. The - oldest drivers were 



Correlatfon of Orug Presence 
Ui th  Alcohol Presence: Phi Coefficient 

Odds rat io:  chances of finding alcohol 
when drug present vs. then not present 

Odds rat io:  chances of finding drug 
present hen alcohol present vs. h e n  
not present 

X of cases h e r e  alcohol i s  present when 
drug i s  present 

Antide- Btnzodi - Narcotic m e t -  Berbit- Ant ihist- Hal luc- 
Cocaine THC pressant azepines Analgesic mines urates mines inosm -- 

*Stat ist ical ty significant a t  Pc 0.01 



tab le  5.8 . 

Carparison of the SUBSAW. Groups on Driver  ~ h a r a c t e r i s t i c s  

Single-Substance G r o w  Alcohol -Orus Ccmbinat ions 
Alc Alc Benzo- Anphet- Any Won- 
BAC BAC Cannabis Cocaine diazep. m ines  Other Alc + Alc + Alc + Alc + Alc + A l e  + Alc 

Drugfree e -10 .10 Only Only Only Only Cannab. Cocaine Benzod. Amphet 1 Other 2 Others Cornb. 
Age o f  O r  i ver**** 

1 5 - 2 4  yrs. 30.2% 
2 5 - 5 4  yrs. 43.4 
55-91 yrs, 26.2 
TotaI 100.0 

Gender of Driver**** 
Hale 64.3 
Female 35.7 
Total 100.0 

No. Speeding V io la t  ions*** 
None 77.2 
1 or more 22.8 
Total tOO.0 

Wo. Other v i o l a t  ions***.* 
None 83.3 

VI 1 o r  more 16.7 
4 Total 100.0 

Restraint System Usefc** 
Not used 57.3 
tap/shoulder bel t (any I 34.2 
Hetmet 5.5 
Used; unknown type 3.0 
Total 100.0 

No. d r i ve rs  (denominator 803 
f o r  a l l  X's except when 
missing data) 

*Chi square s i gn i f i can t  a t  .10 l eve l  
**chi square s i gn i f i can t  a t  .oS tevel 

***Chi square s i gn i f i can t  a t  .O1 tevet 
****Chi square s i gn i f i can t  a t  .0001 l eve l  



overrepresented in the benzodiazepine-only group and in the group 
that had ingested one l1otherl1 drug, which included mainly medicinal 
drugs. 

Gender differences. Males were overrepresented in all the 
alcohol and drug groups except the benzodiazepine-only group, where 
females predominated. 

Previous traffic violations. Drivers with previous speeding 
violations were overrepresented in most of the alcohol/drug groups. 
(Exceptions were drivers with benzodiazepines, with one ltotherl@ 
drug, and perhaps alcohol + 1 other drug.) Drivers with a record 
of other traffic violations had a similar pattern. 

Restraint svstem use. Nearly every alcohol and/or drug- 
involved group had used their restraint systems less than had the 
drugfree drivers. An exception was the benzodiazepines-only group. 
Another was the cannabis-only group: several drivers in this group 
were motorcyclists wearing helmets. 

Driver  att terns summarv. Drivers who had ingested alcohol 
and/or drugs of abuse presented similar patterns, dominated by the 
age range of 25-54, male drivers, and drivers with at least one 
prior traffic violation. They also tended to use their restraint 
systems less than the drugfree drivers. The pattern did not apply 
to those who had ingested only benzodiazepines or llotherll drugs, 
which were mainly medicinal. Those drivers were likely to be older 
than 54 and have. fewer past traffic violations. The i 
benzodiazepine-only drivers were more frequently female, and used 
their restraint systems more, than the drug-free drivers. 

5.3.2 Vehicle and collision Circumstances 

Table 5.9 shows the composition of the alcohol-drug groups in 
terms of vehicle and collision variables. 

Vehicle tvrres. Vehicle types differed significantly among 
the driver groups. Passenger cars predominated in the sample, but 
motorcycles were overrepresented among most of the alcohol and drug 
groups. Light trucks were also overrepresented in several of those 
groups. Heavy truck drivers constituted only a small part of the 
total sample, and there were none in any of the alcohol-drug 
combinations. No stimulants were found in the heavy-truck drivers. 

Number of occu~ants. The number of vehicle occupants did- not 
differ significantly among the substance groups. The majority of 
all crashes involved a single occupant. 

Manner of collision. The manner of collision data in Table 
5.9 were obtained from the FARS reports. Differences among the 
substance groups were highly significant. ~Noncollisionw events, 
i.e., single vehicle crashes, were substantially overrepresented in 
virtually every substance-detected group, the only exceptions being 



Vehicle Typee*** 
Car 
Motorcycle 
Light Truck 
Heavy Truck 
Total 

no. o f  Occupants 
1 
2 
3 or more 
Total 

Manner of Col l is ion**** 
Moncol l i s i o n  

01 Rear end 
W Head-on 

Angle 
Sideswp, same dir. 
Sidesup, opp. d i r .  
Total 

Druqf ree 

69.7% 
8.3 

18.4 
3.5 

100.0 

69.4 
18.4 
12.2 

100.0 

32.2 
6.4 

30.6 
25.7 
2.1 
3.0 

100.0 

Table 5.9 

Capar ison o f  the SUBSAHPL G r o w  on the Vehicte and Its Rote 

Sinqle-Substance Groups 

Alc Alc Benzo- Anphet- Any 
%AC BAC Cannabis Cocaine diazep. amine Other 

1 0 1 0  Only Onlv -- r n l v  Only Drug 

Alcohot -Drug Cornbinat ions 

 on- 
Alc + At-c + Alc + Alc  + A k  + Alc + Alc 

Cannabis Cocaine Benzod. Amphet. 1 Other 2 Others Cornb. --- 

No. dr ive rs  (denominator 
f o r  a l l  X's except 803 120 627 25 7 18 12 33 
uhen missing data) 

Chi square s i gn i f i can t  a t  . I0  l eve l  
** Chi square s j gn i f  icant  a t  .05 leve l  

*** Chi square s i gn i f i can t  a t  .O1 leve l  
**** Chi square s i gn i f i can t  a t  .0001 leve l  



the cannabis-only group. ~ o t e  that the noncollision percentages 
were highest in the alcohol-intoxication and alcohol-plus-drug 
groups. - These important differences bear on the subject-of crash 
causation, a topic addressed in section 5.4. 

5.3.3 Patterns of Crash Ambient Conditions 

Table 5.10 shows that the substance groups differed 
significantly on several ambient condition variables. 

Dav of week. Weekends were predominant in the crashes of 
most of the alcohol-involved groups, the cocaine-only group, and 
the benzodiazepine only group. Weekdays were somewhat over- 
represented among the cannabis-only drivers. 

Time of dav. Group differences in crash time of day were 
highly significant. The early morning midnight-to-6 AM hours were 
overrepresented in all the alcohol-involved groups, the 
amphetamine-only group, and the non-alcohol-combination group. 
Drivers in the mainly medicinal "other drugsN group tended to be 
involved more in daytime crashes, similar to the drugfree drivers. 

Season. There were no significant differences among the 
substance groups in the season of crash occurrence. 

Land use. As noted previously in the report, drugs tended to 
be found more frequently in the urban crashes of our mainly rural 
sample. 

Number of road lanes. A large majority of the crashes 
occurred on two-lane roads. Deviations from this tendency were 
generally not dramatic, and broad patterns were difficult to 
discern. The data suggest a tendency for the stimulant-detected 
crashes to occur more frequently on 4-lane highways than the 
crashes of other driver groups. 

Horizontal aliqnment. Most of the crashes happened on 
straight (tangent) sections of highway, but all the driver groups 
involving alcohol had an overrepresentation of curve crashes. With 
the possible exception of the "any other drugw drivers, the groups 
with drugs but not alcohol resembled the drugfree drivers in their 
predominance of straight-road crashes. 

Surface condition. A large majority of the crashes occurred 
on dry pavement. This tendency was more pronounced among nearly 
all the alcohol and drug-present groups. The one exception was the 
benzodiazepine-only group, which had proportionately more wet- 
surface crashes than the drugfree. 

Atmos~heric condition. The results for atmospheric 
conditions paralleled those for surface conditions; dry conditions 
prevailed, and they were more frequent for the alcohol and drug 
groups. 
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Ambient conditions summary. There were marked differences 
among the driver groups in relation to time, location, and road 
conditions. Early-morning and weekend crashes were characteristic 
of several of the substance-present groups, especially those 
drivers who had ingested alcohol. The latter also were found in 
curve crashes more than the other groups. Wet conditions were more 
likely to be a factor in crashes of the drugfree than of the 
drug-present drivers. 

5.3.4 Crash Circumstances, THC, and Carboxy-THC 

Since our SUBSAMPL variable distinguished cannabis-present 
drivers according to whether THC was found, the crash circumstances 
of the various cannabis groups were examined. In Table 5.11, the 
carboxy-THC-only and alcohol + carboxy-THC groups differed from 
their THC-present counterparts in various ways. Consistently, 
those with carboxy but not THC had higher proportions of (a) the 
youngest (15-24) drivers, (b) motorcyclists, and (c) summer 
crashes. Other differences were less consistent, but overall the 
data indicate that the various groups of cannabis users were not 
entirely equivalent. 

5.4 Indications of Drug Causal Effects 

In this section we turn to the question of whether drugs 
helped to cause the fatal crashes. Our main method was 
responsibility analysis, in which statistical connections between 
drug detection and driver crash responsibility were used to 
identify causal effects. This was supplemented by a brief 
examination of collision types associated with drug use. 

5.4.1 Results of the Responsibility Analysis 
i 
It may be recalled from Chapter 3 that trained coders rated 

each driver's responsibility for the crash on a scale from 0 (not 
responsible) to 4 (responsible). The ratings were made without the 
coders knowing (a) whether alcohol or other drugs were present in 
the crash, (b) the driver's gender, or (c) the driver's age. Table 
5.12 shows the distribution of the responsibility ratings. Note 
that 79.9 percent of the drivers were judged at least contributory 
to their crashes, and only 15.0 percent were found not responsible. 

The responsibility analyses used responsibility rates, the 
percentage of drivers in a group who were responsible for their 
crash. To generate these rates, all drivers who were rated 3 or 4 
on the responsibility scale were designated t1responsible8t. 

Validitv. Chapter 3 presented data showing the high 
intercoder reliability of the responsibility method. It is also 
important to demonstrate the validity of the method. This was 
achieved by showing that the driver responsibility rates increased 



Table 5.11 

Crash Circrastarues, THC, and Carbory-THC 

Variabte 
Aae o f  Dr iver 

15 - 24 yrs. 
25 - 54 yrs. 
55 - 95 yrs. 

Gender o f  Dr iver 
Hale 
Fernale 

No. Slnedins Violat ions 
None 
1 or  more 

No. Other Violat ions 
NgnC 
1 or  more 

Restraint System Use 
Not used 
Lap/shoulder be1 t(any) 
Helmet 
Usd; unknown type 

Vehicle T v w  
Car 
Motorcycle 
L ight  truck 
Heavy truck 

No. of Occuoants 
1 
2 
3 or  more 

Manner o f  Co l l i s ion  
Noncoll ision 
Rear end 
Head-on 
Ang 1 l 
Sideswp, same d i r .  
Sideswo. ow. d i r .  . . 

Day of ~ e = k -  
F r i ,  Sat, Sun 
Ueekdavs 

Time of D;; 
Uidni te - 6 An 
6 AH - Noon 
Noon - 6 PM 
6 PH - Midnite 

Season 
Spring 
Surmer 
Autum 
Uinter 

Land Use 
Urban 
Rural 

No. of Travel Lanes 
1 
2 
3 
4 or  more 

Horizontal Alisnnent 
Straight 
Curved 

Surface Condition 
Dry 
Uet, snow, ice, etc. 

Atmoscheric Conditions 
No adverse cond. 
Rain, sleet, etc. 

No. Drivers 

THC 
Present 

26.3% 
63.2 
10.5 

89.5 
10.5 

50.0 
50.0 

66.7 
33.3 

70.6 
11.8 
17.6 
0.0 

42.1 
21.1 
31.6 

5 -3 

63.2 
15.8 
21 .o 

36.8 
10.5 
26.3 
21.1 
5.3 
0.0 

36.8 
63.2 

5.3 
21.1 
47.4 
26.3 

42.1 
5 -3 

26.3 
26.3 

47.4 
52.6 

5.6 
88.9 

5 -6 
0.0 

72.2 
27.8 

94.7 
5 -3 

94.7 
5.3 

19 

63 

THC 
a J Y  

80.0% 
20.0 
0.0 

100.0 
0.0 

16.7 
83.3 

33.3 
66.7 

16.7 
0.0 

66.7 
16.7 

33.3 
66.7. 
0.0 
0.0 

100.0 
0.0 
0.0 

33.3 
0.0 

16.7 
33.3 
16.7 
0.0 

33.3 
66.7 

0.0 
33.3 
16.7 
50.0 

16.7 
50.0 
16.7 
16.7 

83 -3 
16.7 

0.0 
66.7 
0.0 

33.3 

83.3 
16.7 

66.7 
33.3 

83.3 
16.7 

6 

THC 
Present 

29.7% 
70.3 
0.0 

91.9 
8.1 

62.2 
37.8 

56.8 
43.2 

84.8 
9.1 
6.1 
0.0 

62.2 
5.4 

32.4 
0.0 

67.6 
29.7 
2.7 

64.9 
8.1 

16.2 
10.8 
0.0 
0.0 

43.2 
56.8. 

40.5 
2.7 

10.8 
45.9 

59.5 
8.1 
2.7 

29.7 

48.6 
51 .4 

2.8 
77.8 
8.3 

11.1 

54.1 
45.9 

89.2 
10.8 

91 -9 
8.1 

37 

Cannabis + Al-1 
-m 
present, 
No THC - 

48.2% 
51 - 7  
0.0 

89.7 
10.3 

78.6 
21.4 

71.4 
28.6 

73.1 
15.4 
7.7 
3.8 

62.1 
24.1 
13.7 
0.0 

69.0 
20.7 
10.3 

79.3 
3.4 

10.3 
6.9 
0.0 
0.0 

55.2 
44.8 

41 -4 
0.0 

13.8 
44.8 

41.4 
27.6 
13.3 
17.2 

48.3 
51 -7  

0.0 
93.1 
0.0 
6.9 

34.5 
65.5 

93.1 
6.9 

96.6 
3.4 

29 



Table 5.12 

Value 

4 

3 

2 

1 

Distribution of Ratings on Driver Responsibility 

Label 

Responsible 

Responsible/contributory 

Contributory 

Contributory/none 

Not responsible 

Unknown resp. 

Total 

Percent 

76.3 

3.6 



with BAC, reflecting the well-established relationship of BAC to 
driver impairment and relative crash risk. Figure 5.3 shows the 
BAC-responsibility relationship for those drivers in our study who 
had no drugs other than alcohol in their blood. In addition to the 
results for all crash types, the figure provides data for just the 
multivehicle crashes. The latter are necessary to demonstrate that 
responsibility rates do not merely reflect an increase of 
single-vehicle crashes with BAC. Figure 5.3 shows that the 

= responsibility rates generally increased with BAC, with the 
sharpest gain as BAC moved into the intoxication range beyond 
0.10%. Ideally, responsibility rates should monotonically increase 
with BAC. While our data did not quite meet this ideal, they did 
support the general validity of the responsibi1ity.ratings. 

Table 5.13 gives a more detailed breakdown of the 
responsibility rates at lower BAC levels. The data exhibit a 
systematic increase in responsibility rates as BAC moves from the 
.01--04% range to the .08--10% range. 

Res~onsibilitv, druas, and alcohol. ~esponsibility analysis 
requires division of drivers into groups, and the SUBSAMPLvariable 
provided relevant categories. Table 5.14 shows the responsibility 
rates of all the SUBSAMPL drivers. Note that the drugfree drivers 
had a responsibility rate of 67.7 percent, the baseline against 
which all the other groups are compared. 

The first important set of comparisons is with the drug groups 
listed under "Drivers With 1 Substance Onlyw in Table 5.14. These 
indicate the effects of a drug or drug group when it and only it 
was found in the driver's blood. A major handicap to the 
responsibility analysis is the small number of cases in these 
groups, except for alcohol. Only the drivers with alcohol in their 
blood had a responsibility rate significantly higher than that of 
the drugfree drivers. The 83.3 percent responsibility rates of the 
carboxy-only and the amphetamines-only drivers deserve comment. 
The carboxy-THC result is suspect because of the small sample 
(n=6) , and the previously noted characteristics of this group, i. e. 
young motorcyclists. The amphetamines result suggests that this 
drug deserves further study. 

Note that the responsibility rates of the THC-only and 
cocaine-only groups are actually lower than that of the drugfree 
drivers. Althoughthese results too are inconclusive, they give no 
suggestion of impairment in the two groups. The low responsibility 
rate for THC was reminiscent of that found in young males by 
Williams and colleagues (1986). 

The responsibility rate of the benzodiazepine-only drivers was 
nearly identical to that of the drugfree group. Here also, there 
is no suggestion of impairment. 

The second important comparison set is under "Drivers With 
Alcohol-Drug Combinationsw in Table 5.14. Every one of the listed 
groups had a responsibility rate significantly higher than that of 
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Driver Respo'nsibility Rates at  Low BAC Levels 
(For all drivers with no drugs other than alcohol; n=1544) 

X Responsible 
BAC Level No. Drivers JRatcd 3 - 4 1  

0.00% (drugf reel 799 
.01- -04% 53 
.05- -07% 3  1 
.08- -10% 54 
r 0.11% 607 

Chi- . Statistical 
Sauare Sisnificance 

- - - - 
0.5 N.S. 
1.7 N.S. 
15.8 P<.OOl 

139.1 P<.OO1 

Chi-square tests compared BAC groups with the drugfree group. 



Table 5.14 

Driver Responsibi l i ty Rates in Major Sdstsnce Craps 

Note: The groups below are mutually exclusive and mutually exhaustive. 

Substances Present 

Drugf re  
Drivers U i th  1 Substance Only 

Alcohol: BAC <.lo% 
Alcohol: BAC 2.10% 
THC (u i t h  or without carboxy) 3 

Carboxy-THC only 
Cocaine 
Benzodiazepines 
Amphetamines 
Any other single drug 4 

Drivers U i th  Alcohol-Drug Cornbination 
Alcohol + THC (u i t h  or uithout c a r b o ~ y ) ~  37 94.6 
Alcohol + Carboxy THC only 29 93.1 
ALcohol + Cocaine 49 87.8 
Alcohol + benzodiazepines 17 100.0 
Alcohol + Amphetamines 12 91.7 
Alcohol + 1 other drug not above 19 100.0 
Alcohol + 2 or more other drugs 46 95.7 

Drivers U i th  Non-Alcohol ~omb ina t i ons~  25 84.0 

Chi - 
2 Square 

S ta t i s t i ca l  
Sianificance 

PS.1 
P<.OOl 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

2.3 ' N.S. 

Missing 

Total dr ivers 

1 - Drivers uho uere rated as a8responsiblea1 or t8responsible/contrikrtorya8 were both considered 
"responsiblea8 fo r  t h i s  analysis. 

'Chi-square tests compared substance group u i t h  the drugfree group. 

3 ~ o r  the 25 dr ivers u i t h  THC and/or carboxy THC, the responsibi l i ty  rate i s  64.OX, which does 
not d i f f e r  s i gn i f i can t l y  from the drugfree rate. 

4 8 8 ~ n y  other drugm: These included barbiturates (61, antihistamines (6), antidepressants (3). 
narcotic analgesics (S), ant idepressants (31, and miscellaneous others. 

 or the 66 dr ivers u i t h  alcohol plus (THC and/or carboxy THC), the responsibi l i ty  ra te  i s  
93.%, uhich d i f f e r s  s ign i f i cant ly  from the drugfree rate. 

6~on-alcohol  i c  drug combina.tions included stimulants plus another (11 drivers), barbiturates 
plus another (a),  and miscellaneous others. 



the drugfree drivers. However, since alcohol alone exhibited a 
responsibility rate of 93.9 percent for BACs above .09%, the high 
responsibility rates of the drug-alcohol combinations do not by 
themselves support. an inference of drug contributions to driver 
impairment. 

The last drug group analyzed comprised the 25 drivers who had 
two or more nonalcoholic drugs in their systems. Their 84.0 
percent responsibility rate was substantially higher than the 67.7 
percent drugfree rate, but statistical significance was not 
reached. Here again, the results were suggestive but inconclusive. 

A major limitation of the results in Table 5.14 is that there 
are no controls for potentially confounding variables. Attempts at 
control are made in the following sections. 

Further examination of alcohol-drua combinations. Because the 
question of alcohol-drug additive or interactive (synergistic) 
effects is an important one, the analyses of Table 5.14 were 
extended by controlling for BAC. This was done by subdividing the 
alcohol-drug combinations into those with BACs below 0.10% and 
those at or above that level. In comparing each drug-alcohol group 
with its alcohol-only counterpart, no results were statistically 
significant (Table 5-15), hence an inference of additive or 
interactive effects was not supported. Among the low-BAC drivers, 
however, the elevated responsibility rates forthose other than the 
cocaine-alcohol and amphetamine-alcohol drivers at least suggest 
the possibility of drug.contributions. Among the high-BAC drivers, 
any drug contribution is harder to see because of the small 
difference among the responsibil2ty rates. 

Table 5.15 also compares the responsibility rates of the 
alcohol-drug groups with the drugfree drivers. Because of the low 
numbers in the low-BAC combinations, none of their responsibility 
rates differed significantly from the drugfree rates. When the 
low-BAC combinations were aggregated, however, their 83.8 percent 
responsibility rate reached marginal statistical significance. 
Among the high-BAC combinations, all the responsibility rates were 
significantly different from the drugfree rate, except for the 
small high-BAC amphetamine group. 

Since the results for alcohol-drug combinations at least 
suggested the possibility of synergism, the analysis was carried a 
step further by controlling more precisely for BAC. To permit the 
generation of responsibility rates for several different BAC 
levels, the analysis combined the alcohol-drug groups which 
previously suggested synergism. They involved THC, amphetamines, 
and the "otherw drugs. Alcohol-cocaine drivers were omitted 
because they had no indication of the drug adding to the alcohol 
effect. Figure 5.4 plots the responsibility rates of this group in 
relation to BAC. For comparison, the alcohol-only graph is also 
shown. The alcohol-drug responsibility rates are clearly higher 

' than the alcohol-only rates throughout the BAC range. The greatest 
difference appears for BACs below 0.10%, where an otherwise slight 



Table 5-15. 

Responsibi l i ty Rates of Aleahol-Drug Craps 
Carpared U i th  Alcohol-Qlly and Drugfree Drivers 

A. LOW-BAC G r o w :  BAC < 0.10% 
Carpa r i sm wi th Coaparisons wi th 

Alcohol -Only Drivers D rw f ree  Drivers 

N 
1 

Chi- S ta t i s t i ca l  Chi- S ta t i s t i ca l  
Jbrivers) Resp Sauare Sisnificance Sauare Sisnificance 

(1) -Lou-BAC only 120 75.8 -. -. 2.9 Ps.1 

(2) Lou-BAC + cannabis' 8 87.5 0.1 N.S. 0.7 N.S. 

(3) Lou-BAC + cocaine 8 50.0 1.4 N.S. 0.5 N.S. 

(4) Lou-BAC + benzodiazepine 3 100.00 0.1 N.S. ~ 0 . 1  N.S. 

(5) Low-BAC + alnphetamines 4 75.0 0.3 N.S. <O. 1 N.S. 

(6) Lou-BAC + 1 other not above4 6 100.0 0.8 N.S. 1.6 N.S. 

(7) Lou-BAC + any 2 or more drugs 8 100.0 1.3 N.S. 2.5 N.S. 

(8) Groups (2)-(7) combined 37 83.8 0.6 N.S. . 3.5 Pc.1 

(1) High-BAC only 625 93.9 . - . . 144.7 P<.OOl 

(2) H ~ ~ ~ - B A C  + cannabis 3 '  58 94.9 0.0 N.S. 16.6 P<.OO1 

(3) High-BAC + cocaine 41 , 95.1 0.0 N.S. 12.5 P<.OOl 

(4) High-BAC + benzodiazepines 14 100.0 0.1 N.S. 5.2 P<.02 

(5) High-BAC + amphetamines 8 100.0 0.0 N.S. 2.5 N.S. 

(6) High-BAC + 1 other not above 4 13 100.0 0.1 N.S. 4.8 Pe.05 

(7) High-BAC + any 2 or more drugs 38 94.7 0.0 N.S. 11.1 P<.O01 

(8) Groups (2)-(7) combined 1 72 95.9 0.7 N.S. 55.4 P<.OO01 

 rivers uho were rated as lsresponsible/contributingM were both considered nsresponsiblevl fo r  t h i s  analysis. 

'lhe Chi -square tests compare Lou-BAC+drug group with Lou-BAC-only group, or High-BAC+drug group with High-BAC-only 
group. 

3~annabis includes tetrahydrocannabinol (THC) and/or i t s  metebol i t e  carboxy-THC. 

'other drugs included barbiturates and miscellaneous others. 
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alcohol effect seems to be raised to the eauivalent of an alcohol 
intoxication effect by the drugs. The results in Figure 5.4 must 
be considered provocative but inconclusive. 

A limitation of the analysis in Figure 5.4 is that the 
necessity of combining data for different alcohol-drug combinations 
obscures the effects of any one. Another limitation is that it 
doesn't control for age or other variables. Figure 5.4 shows that 
the average driver age varied among the points in the graph. In 
the next section, however, we do impose controls in statistical 
tests of the alcohol and drug effects. 

Controllina for other variables. Section 5.3 showed that the 
SUBSAMPL groups differed on many variables pertaining to the 
driver, the vehicle, and the crash environment. Any variable 
related to drug presence in crashes could be the underlying 
explanation for apparent drug impairment effects or their absence. 
This could happen if the variable is independently related to 
driver responsibility. To explore the possibilities, the 
responsibility relationships were examined for all variables in 
Tables 5.8 through 5.10, except for manner of collision. (The 
latter is an outcome variable, and is examined separately in a 
later section.) The relationships were examined for the drugfree 
drivers, in order to avoid the influence of alcohol and drugs. 
Instead of showing the detailed results of this preliminary 
examination, the results are summarized in Table 5.16. It shows 
that only crash time of day and driver age were related to both 
crash responsibility and to SUBSAMPL. These, then, are variables 

i that need to be controlled in studying drug effects. 

Crash time of day is related to driver responsibility as shown 
in Table 5.17. The data suggest that if a drugfree driver has an 
accident at night, he/she is less likely to be responsible than if 
he/she had the .accident in daytime. (A posskble explanation for 
this is that the drugfree drivers are more likely to be the victims 
of alcohol-impaired drivers at night.) The relation of driver age 
to responsibility is shown in Figure 5.5. It indicates that, 
without the effects of alcohol and other drugs, the effect of age 
on responsibility is quite strong. The drivers most likely to be 
responsible for crashes are the oldest and the youngest. 

To examine the influence of alcohol and other drugs on 
responsibility while controlling for time of day and driver age, 
logistic regression analysis was used. However, including the 
individual drugs or classes was precluded because of their low 
numbers and the complexity it wculd have added. Consequently, the 
analysis used NDRUGS, a variable simply counting the number of 
nonalcoholic drugs in the driver's blood. Age was trichotomized 
into 15-24, 25-54, and 55-plus groups, while time of day was 
dichotomized into a simple day-night variable. The results are in 
Table 5.18. They confirm that crash responsibility is a function 
of BAC, the number 
driver's age, and 
being responsible 
nonalcoholic drugs 

of nonalcoholic drugs in the driver's blood, the 
the time of day. The probability of a driver 
increases with BAC and with the number of 
in her/his blood. 



Table 5.16 

trash tircunstance 

Ambient Condi t ions' 

Day of week 
Time of day 
Season 
Land use 
No. travel lanes 
Horizontal a1 ignment 
Surface condition 
Atmosphere cod. 

Vehicle Variables 

Vehicle type 
NMber of occupants 

Driver Variables 

Age 
Gender 
# Speeding violations 
# Other violations 
Restraint system use 

Exmimation of Crash Circurstance Varisblcs Potentially 
Confornding of Drug-Respasibi lity Relationships 

Related to 
Drug Involvement 

JSUBSAMPL )? 

Related to 
Crash 

Reswnsibi 1 i tv?+ 

*Relationships to responsibility were determined by examining druqfree drivers. 

Canclusicn: 
Potentially 

Yes 



table 5.17 

Time of Day 

12:01 A.M. - 06:OO A.M. 

06:01 A.M. - 12:OO Noon 

12:01 P.M. - 06:OO P.M. 

06:01 P.M. - 12:OO Midnight 

Total 

Respasibi lity Rates by  T i r  of Day 
(Drugfret Drivers Only) 

Not 
n - Reswnsible Reswnsible 

83 62.7% 37.3% 

24 7 71 -7 28.3 

307 70.4 29;6 

162 59.3 60.7 

799 67.7% 32.3% 

Total - 
100.0% 

100.0 

100.0 

100.0 

100.0% 
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Figure 5.5 DRIVER AGE AND RESPONSIBILITY RATE: 
All Drugfree Drivers (n-799) 



E g s t i o n  for P n d i c t i r p  Crash R-ibility R c w l t i r u  F r m  Logist ic  R e g n u i o n  
Analysis on Ent i re m L e  

<-/PC Advwd Sta t i s t i cs  4.0) 

Variables in the Ecpation 

B S.E. Variable 

SAC .I181 .OlOO 
UDRUGS .36& .I373 
ACCTIWE -.3224 .I372 
DRACEGRP 

YOUNG -1780 .I944 
WIDLAGE -.6765 .I707 

' C w t a n t  1 A403 .2190 

SAC: = Blood alcohol concentration h e r e  1 un i t  = .OW. 
NDRUGS: = N h r  of nonalcoholic drugs i n  driver's blood. 
ACCTIWE: 1 = W-6PM 2 = 6PW-6An 
YUJNG: 1 = Age 15-24 0 = Other age 
MIDLAGE: 1 = Age 25-54 0 = Other age 

Probabi l i ty  (Responsible) = 1.44 + 0.118 (BAC) + 0.368 (NDRUGS) - 0.322 (ACCTIWE) + 0.178 (YOUNG) - 0.677 (WIDLAGE) 

Exp (6) = Effect of a OM-unit change i n  the predictor variable on 
the odds ratio: 

Prob (responsible) 
Prob (not responsible) 

Classi f icat ion Table for  Responsibility 
Predicted 

Resp = 0-2 Resp = 3-4 

Observed 

Resp=O-2 0 

Resp = 3-4 1 

Percent Correct - - 80.2% 



It should be noted that the logistic regression program was 
also run with an NDRUGS X BAC interaction term, but it was not 
found statistically significant. Thus, the results suggested an 
additive effect of drugs and alcohol, not an interactive or 
synergistic one. However, representing drugs by such a simple 
variable as NDRUGS cannot do justice to the effects of individual 
drugs, and the possibility of alcohol-drug interaction effects 
cannot be ruled out by the limited analysis. 

From the size of their B exponents [Exp (B) in Table 5.18 3, we 
can estimate the contribution of the independent variables. Each 
additional drug in a driver's system seems to have an effect 
somewhat larger than a .01% increase in BAC. (This is a rough 
approximation, since the relation of responsibility to BAC was 
nonlinear; indeed, it was fairly flat above 0.10% BAC) Clearly, 
the BAC effect is much stronger than the NDRUG effect, but it 
should be recognized that our analysis necessarily dilutes the 
effects of impairing drugs by combining them with nonimpairing 
drugs. 

The classification table at the bottom of Table 5.18 compares 
the observed responsibility ratings with the ratings predictbd by 
the logistic model. It indicates a limitation of a driver fatality 
sample; since so many were found responsible for their crashes, the 
"bestw prediction was to predict every driver responsible! 

'Summarizing, the logistic regression analyeis provided greater 
statistical power for testing the role of drugs and controlling for 
other variables than was possible in the previous analyses focusing 
on specific drugs and drug combinations. However, the conclusions 
possible are limited to general inferences about drugs. The 
results indicate that the chances of a driver being responsible for 
his/her crash increased with BAC and the number of drugs ingested. 
Combining drugs with alcohol seems to raise chances of responsible 
crash involvement above that for alcohol'alone. 

Relative risk analvsis. In a previous article (Terhune, 
1983), it was shown that the relative crash risks of alcohol and 
drugs could be estimated from responsibility data by making the 
assumption that wnonresponsiblefi crash drivers comprise a 
representative sample of drivers on the road. The drug and alcohol 
proportions in that group, along with the comparable data for the 
wresponsibleH drivers, are used to calculate the relative crash 
risks. Using a sample of injured-but-surviving drivers, the method 
yielded a relative risk curve for BACs similar to that generated by 
other studies using the more elegant case-control method. As a 
suggestive exercise -- though no more than that -- the method was 
applied to the data of this study. Since this is a driver fatality 
study, the method estimates the relative crash risks of involvement 
in a- fatal crash. 

To calculate the relative crash risks, we advanced 
derivation beyond that in the 1983 article. It gives the 
result as the previous equation, but it simplifies 
calculations. The new equation is: 

the 
same 
the 



Estimated relative risk = ri (100-ro)/[ro (100-ri) J 

where ri = responsibility rate of drug group i 
and ro = responsibility rate of drugfree group 

The derivation the equation is given Appendix 

Before considering the results, the reader should understand 
the following caveats: 

(1) Nonresponsible drivers in fatal crashes may not be 
typical of drivers on the road at the times and 
piaces of all driver-fatality crashes. 

(2) Small sample sizes for a drug group can produce 
very misleading results; the relative risk 
estimates are very sensitive to small changes in 
high responsibility rates e.g., 85 percent and 
above. That is, at high responsibility rates, 
small increases in a responsibility rate translate 
to a large increase in relative risk. This is 
effected by the (100-ri) term in the.equation above. 

In Table 5.19, we present the relative risk estimates only for 
the substance groups whose responsibility rates differed 
significantly from the drugfree rates. Note that for most 
alcohol-drug combinations, the normalized relative risks exceed 
that of alcohol-alone for BACs at or above 0.10%. 

5.4 .2  Collision Type Analysis 

Originally planned for this study was an analysis to see if 
the drugs and drug groups varied in their associated collision 
types. If so, the collision types could suggest how drugs cause 
crashes. Unfortunately, the small numbers associated with the 
individual drugs and drug classes made this approach impractical. 
Alternatively, it is useful to examine a combination of collision 
types which may reflect driver impairment. The combination 
includes single-vehicle-crashes and head-on crashes in which the 
subject vehicle crossed the road centerline. ' Both crash types 
involve the subject vehicle departing its travel lane; indeed, many 
single-vehicle crashes involving road departure to the left might 
have been head-on crashes had there been an oncoming vehicle. 
Consequently, the two crash types were combined in an analysis of 
"key collision types." 

Table 5.20 shows the proportions of the SUBSAMPL drivers who 
were involved in the key collision types. Note that only 47.9 
percent of the drugfree drivers had such crashes, a result actually 
higher than the 31.6 percent for the THC-present drivers, and the 

. 42.9 percent for the cocaine-present drivers. All the other 
substance groups were involved in the key collision types at rates 



Table 5.19 

Es t im ted  Relative Risk of Fatal Crash in Major Srrbstance G r w  
Chast Resparsib i l i ty  Rate D i f fe red Siwif iuntly f r an  the D r u g f r n  Rate 

JAWION: DUE TO LIMITATIOUS OF THE METHODS, THESE RESULTS SHWLD BE CONSIDERED SUGGESTIVE ONLY. 

Substance Involvement 
Risk Relative t o  D r ~ f r e e  ~ r 0 t . d  

n - Non-Normatized )rormalitedU 

Drugf ree 799 1.0 1.0 

pr ivers  U i th  1 Substance Only 

Alcohol: BAC e -10% 
Alcohol: BAC 2 . lo% 

Drivers With Alcohol-Drug Combination 

Alcohol + THC 
~Lcoho l  + Carboxy THC 
Aleohol + Cocaine 
Alcohol + Benzodiazepines 
Alcohol + Amphetamines 
Alcohol + 1 other not above 
ALcohol + 2 or more other 

37 8.4 11.9 
29 6.4 8.9 
19 3.1 5.3 
17 I nde f - l a rge  Indef. large Note c 
12 5.3 Indef. large No tec  
19 Indef. large lndef. large Note c 
46 10.6 15.9 

Notes - 
'~stimated re la t i ve  r i s k  = ri (I-ro)/[t0 (1 - r i l l  
uhere ri = respons ib i l i t y  rate of drug group, ro = resp. ra te  of drugfree group 

b~o rma l i r a t i on  = Responsibi 1 i t y  rate of drug group i s  adjusted by set t ing  proportions on age 
equal t o  those f o r  the drugfree group. I n  some cases normalization was L i m i t e d  only t o  those 
age groups uhere there uere su f f i c ien t  nmbers of cases. 

c ~ m a l l  subsample makes estimates especial 1 y tenuous. 



Substances Present 

Drugf r n  

Irnolvaat in Key Collisian Configuationo bj the -led D r i ~  

Note: The groups below are n r tua l l y  a d  exclusive and m u t u l l y  exhaustive. 

Drivers U i th  1 Substance Only 

Alcohol; 8AC <.I0 
Alcohol; BAC 2.10 
THC (with or  without carboxy) 
Carboxy-THC only 
Cocaine 
Bmzodiazepims 
Anphetamims 
Any other drug 3 

N X Chi- S ta t i s t i ca l  
$Drivers1 K e v ~ o ( 1 i s i o n s ~  sware Sianificsnce 

p.001 
p.001 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

p.05 

Drivers U i th  Alcohol-Drus Combinations 

Alcohol + THC 37 78.4 11.9 . p.001 
Alcohol + Carboxy THC 29 89.6 17.9 p.001 
Alcohol + Cocaine 49 79.6 17.3 p.OO1 
Alcohol + Benzodiazepines 18 83.3 7.5 p .01 
Alcohol + Anphetemines 13 69.2 1.6 N.S. 
Alcohol + 1 other drug not above 19 78.9 . 6.0 p .02 
Alcohol + 2 or  more other drugs 46 87.0 24.9 p.001 

Drivers With Won-Alcohol combinations4 25 80.0 8.7 p.01 
- 

Total drivers 1882 

'the *#key coll isi .on configu'ationsu are single-vehicle crashes and the vehicle crossing the centerl ine i n  head- 
on crashes. The 2 types are combined i n  the data above. Exenple: 47.9% of the drugfree dr ivers were i n  a 
single-vehicle crash or were dr iv ing the vehicle that crossed the cenbr l i ne  i n  a head-on crash. 

'chi-square tests carpared substance group with the drugfree group. 

38*~ny other drugm: These included barbiturates (61, antihistimines (61, narcotic analgesics (5), 
antidepressants (31, and miscel laneous others. 

4~on-alcohol ic drug carbinations included stirmlants plus another drug (11 drivers), barbiturates plus another 
drug (81, and miscellaneous others. 



substantially higher than the drugfree rate, although the 
amphetamine-only and benzodiazepine-only rates did not reach 
statistical significance. The drivers with non-alcohol drug 
combinations also had a very high rate, suggesting an effect 
similar in strength to alcohol intoxication. 

% In summary, the key collision analysis is a method which may 
be more sensitive than responsibility analysis, and it bears 
consideration in future studies. Substantively, it suggests no 
impairment effects when cannabis or cocaine are present alone, but 
other drugs and drug combinations may be contributing to fatal 
crashes. Alcohol again exhibited the predominant impairment 
effect . 

5 . 4 3  FARS Driver Causal Factors 

The FARS database includes a variable that lists any driver 
factors among the crash causes, as judged by the police and/or the 
FARS analysts. We have no information on the reliability or 
validity of those judgments, and it is possible that they contain 
coding bias due to knowledge of the ariver's age, alcohol 
ingestion, and other factors. As long as these limitations are 
kept in mind, the FARS factors can suggest how drugs effect 
crashes. 

Driver errors may be coded in FARS as a first, second, or 
third causal factor. For this analysis,, only mentions as a first 
causal factor were analyzed. Under the heading "Any Errorw in 
Table 5.21, highly significant differences among the SUBSAMPL 
groups are shown. The substance groups with an error rate much 
higher than the 69.4 percent rate of the drugfree group were the 
amphetamine-only group, all the alcohol groups, and the non-alcohol 
combinations. 

Of the specific kinds of error, only speeding and lane- 
maintenance errors were frequent enough to perniit meaningful 
comparisons among the driver groups. Differences among the groups 
were significant for both variables. Considering speeding first, 
note that 14.4 percent of the drugfree drivers had been speeding. 
Similar speeding rates were found in each of the non-alcohol drug 
groups, except for the high 4 2 . 9  percent rate in the small cocaine- 
only group. In contrast, every driver group involving alcohol had 
a speeding rate much higher than the drugfree rate. In the two 
alcohol-only groups, the speeding rates increased with BAC. These 
results suggest that speeding is primarily an alcohol effect. 

Note that the speeding rate for drivers with alcohol combined 
with carboxy-THC is much higher than the rate for drivers with an 
alcohol-THC combination. The high speeding rate of the alcohol- 
carboxy group may reflect in part a tendency of frequent cannabis 
users. 



fable 5-21 

F M S  Driver  Causal Fmtors in  Relutim to the S h t m ~ e  G r a p  

Subs t erne 1 nvol vement 

Drugf ree 

Dr ivers With 1 Substance Only 

Alcohol onty; 0AC e.10 
Alcohol onty; 0AC 2.10 
THC (wi th o r  without carboxy) 
Carbony THC onty 
Coceine only 
Benzodiezepines' ont y 
Awetarnines only 
Any other drug 

Drivers With Alcohol-Drw Colnbination 

)Ilcohol 
Alcohol 
Alcohol 
Alcohol 
A t  cohol 
A l  coho1 
A! cohol 

, + THC 
, + C a r b o y T  HC 
. + Cocaine 
. + Anphetemi nes 
. + Benzodiarepims 
. + 1 other drug 
, + 24 other drugs 

Drivers With Won-Alcohot Combinations 

Missing . 
Chi -square 
Signif icance 

none 
30.6% 

18.1 
9.3 

44.4 
50.0 
42.9 
33.3 
8.3 

24.2 

8.1 
10.7 
12.5 
0.0 

17.6 
10.5 
13.0 

8.3 

A w  
Error  

69.4% 

81.9 
90 .? 
55.6 
50.0 
57.1 
66.7 
91.7 
75.8 

91.9 
89.3 
87.5 

100.0 
82.4 
89.5 
87.0 

91.7 

127.2 

lane 
Maintenence 

15.5% 

25.9 
' 25.4 

11.1 
16.7 
0.0 

33.3 
16.7 
21.2 

21.6 
21.4 
22.9 
30.8 
11.8 
21.1 
26.1 

29.2 

30.0 
Pe.01 

Right 
of Usy 

Inat tent ive Error  Other 

26 -4% 

24.1 
20.7 
22.2 
16.7 
14.3 
22.2 
25.0 
18.2 

32.4 
14.3 
18.8 
30.8 
29.6 
31.6 
21.7 

29.2 

to ta l  

100.OX 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
100.0 
100.0 
100 .o 
100.0 
100.0 
100.0 

100.0 



Lane-maintenance error rates did.not differ as dramatically 
among the substance groups as the speeding rates. The drivers with 
distinctly the highest of these error rates were those with 
benzodiazepines only, with alcohol combined with amphetamines, and 
non-alcohol drug combinations. Whereas speeding seems to have been 
clearly associated with alcohol, the lane-maintenance results 
suggest that other drugs may impair a driver's ability to remain in 
her/his driving lane. 



6.0 TIME FACTORS IN DRUG DETECTION 

In Chapter 3 we noted that in specifying the sampling criteria 
of acceptable driver survival time and death-to-specimen time, 
trade-offs were necessary in balancing methodological ideals 
against practical considerations at the sampling sites. A useful 
methodological contribution of this study is provided by taking a 
retrospective look at these time factors, to see if they had an 
effect on drug detection. 

6.1 Survival Time and Drug Detection 

Survival time is operationally defined as the elapsed time 
between the police-reported time of a crash and the coroner/M.E. 
reported time of the driver's death. These may be estimates, as 
when the fatal crash is discovered hours after its occurrence. 
Studies on drugs in crashes usually are limited to drivers who died 
within an hour or two after the crash, in order to maximize the 
chances of finding drugs that were in the driver's blood when the 
crash occurred. Since this study accepted drivers who survived up 
to four hours, it is important to see whether the survival time has 
much effect on drug prevalence rates. 

Figure 6.1 shows the overall prevalence of alcohol and other 
drugs within (a) drivers reported to have died in their crash, (b) 

t drivers who died within one hour, and (c) drivers who died within 
four hours. (Each of these groups successively includes the 
previous group.) The groups do not appear to differ much in their 
results, suggesting that we would have drawn similar inferences of 
the overall magnitude of drug prevalence regardless of which cutoff 
between 0 and 4 hours was used in sample selection. Only a slight 
increase in the "drugfree" drivers may be observed in going from a 
survival time of zero (died in crash) to survival up to four hours; 
this suggests that occasionally drugs were lost to detection with 
the longer survival times. A reason why the survival time would 
have only a minor effect on the overall prevalence rates is that 
only 6.3 percent of the sampled drivers survived beyond two hours 
(Figure 6.2) . 

A more specific picture of the effect of survival time on drug 
detection is provided by Table 6.1. It shows that survival time 
was related mainly to alcohol detection, whereby the detection of 
intoxication-level BACs was lowest in the fourth hour. Results for 
the other drugs were encouraging, however, for only the 
barbiturates exhibited an effect of survival time. Even with 
those, the deviating value is limited to the third survival hour, 
and it could have been spurious. 

Figure 6.3 provides another view on the alcohol relation to 
survival time. It may indicate that for drivers surviving beyond 
two hours, there are substantially increased chances of failure to 
detect alcohol that was present during the crash. However, the 
data may also reflect the fact that high-BAC drivers are more 



Died in Crash Died <1 Hr Died 5 4  Hr 
Survival Time 

Dnagfree alone I!Zi! ~lcobol-~m~ comb. 

Other Dmg Alone Nonslcobol oomb. 

Figure 6.1 BLOOD COMPOSITION IN RELATION TO SURVIVAL TIME 
(Weighted Data) 



Died in crash 0.1 to LO hr 1.1 to 20 br 21 to 3.0 hr 3.1 to 4.0 hr 
Survival Time - Hours 

Figure 6.2 DISTRIBUTION OF DRIVER SURVIVAL TIMES 



Table 6.1 

Dnrp Class Prevalence Rates in R e l a t i m  t o  T i r  In terva l  
Betueen Crash d DriverOs Death* 

D r w  Class* 
Alcohol: BAC <.lo 
Alcohol: BAC >.I0 
Carnabinoids 
Cocaine 
Anphetamines 
Benzodiazepines 
Barbi turates 
Narcotic Analgesics 
Antidepressants 
Antihistamines 
Hallucinogens 
Ant iarrythmics 
Muscle Relaxants. 
Wonbarbit. Sedatives 
Ant ipsychot i cs  

No. of Drivers 

Died 
i n  Crash 

8.0% 
45.1 
7.0 
4.4 
2.7 
2.9 
0.9 
0.9 
1.1 
0.8 
0.2 
0.0 
0.0 
0.0 
0.0 

666 

Tim of  Death After Crash 
1st 2nd 3rd  4th Chi- 

Saw r e  
3.8 

16.7 
6.7 
3.6 
4.0 
0.9 

11.0 
1 .o 
2.4 
3.3 
2.0 
5.2 
1.3 -- -- 

S ta t i s t i ca l  

N.S. 
. N.S. 

N.S. 
P<.05 
N.S. 
N.S. 
N.S. 
N.S. 
NOS. 
N.S. 
N.S. 
1.5. 

*At 1 percentages i n  a co lum are based on the t o t a l  nmkr of  dr ivers uho' d ied wi th in  
the time interval  a t  the top of the colum. For exanple, o f  the 666 dr ivers who 
died i n  the crash, 7.0% had camebinoids i n  the i r  blood. 
Note that the percentages are non-additive, f o r  more than one substance may be fwnd 
i n  a blood specimen. 

.**Drug classes include metabolites as well as parent drugs. Specif ic drugs included 
in the classes are: 
Carnabinoids: Tetrahydrocannabinol, Carboxy THC 
Benzodiaze~ims: Diazepam, Nordiazepam, Lorazepam, Flurazepam, Desethylflurazepam, 
Alprazotm, Oxazepam, Chlordiazepoxide, Desnrthylchlordiazepoxide 
Barbi turetes: Phenobarbi tat, Secoberbi tat, Butabnrbi ta l ,  Butalbi ta l ,  Pentoberbi ta l ,  
Amoberbital 
Narcotic Analsesics: Meper idine, Methadone, Propoxyphene, Norpropoxyphcne, Oxyco- 
done, Codeine, Morphine, Heroin 
Antide~ressantf: Amitr iptyl ine, Nortr iptyl ine, Irnipramine, Desipramine, Doxepin, 
Desmethyldoxepin, Fluoxetine, Norftuoxetine 
Antihistamines: Diphenhydramine, Chiorpheniramine 
Hallucinoqens: Phencyclidine, LSD 
Antiarrhvthmics: Quinidine, Procainamide, N-Acetylprocai~mide, Lidocaine, F lecain- 
i de 
Muscle Relaxants: Cyclobenzaprinc 
Nonbarbiturate Sedatives: Ethchlorvynol, Methaqualone, Meprobamate 
Antimvchotics: Chlorpromazine, Thioridazim, Mesordiazine 

***Statist icat signif icance i s  the resul t  of chi-square analysis comparing incidence 
rates across the time intervals. 



Drug Class** 
Alcohol: BAC e.10 
Alcohot: BAC *.I0 
Camabinoids 
Cocaine 
Amphetamines 
Benzodi arepines 
Berbi turates 
Narcotic Analgesics 
Antidepressants 
Antihistamines 
Hallucinogens 
Antiarrythmics . 
Muscte Relaxants 
Nonbarbit. Sedatives 
Ant ipsychot i cs  

l o .  of Drivers 

Orug Class Prevalence Rates i n  Retation t o  Time lntervel  
Between Death and Drawing of  Blood Specimen* 

--For dr ivers who died wi th in 2 hrs. of crash-- 

T i m  Between Death and Drawing of  Blood Smcimen 
L E 8 h r .  8.1-12.0hr. 12.1-24.0hr. 24.1-48.0hr. 

7.1% 6.3% 0.2% 8.1% 
48.1-96 hr. 
13.n 

Chi- 
Sarsre 
5.7 

71.8 
6.5 
8.2 
30.3 
to .  2 
3.2 
1 .5 
1.7 
4.7 
4.1 - - 
1.4 
* - - - 

Sta t is t  l c a l  
Signi f lcence*** 

W.S. 
w.001 
W .  08 
P<. 1 
9<.0001 
P* . Ob 

M. S. 
W .S. 
W .S. 
W.S. 
n.s. 
W.S. 
N.S. 
n.s. 
n.s. 

* A l l  percentages i n  s co lum are based on the to te l  nwkr of  dr ivers whose blood specimen was drown wi th in  the tint 
interval  s t  the top of the colum. For exsnple, of  the 605 dr ivers whose blood was dram withln 8 hours a f t e r  death, 
5.6% had csmabinoids i n  the i r  blood. 
Note that the percentages are non-additive, f o r  m r e  than one substance my be fourd in a blood specfmm. 

**Drug classes include metabolites as well  as patent drugs. Specific drugs included i n  the clssses are: 
Camsbinoids: fetrahydrocamabinol, Cerboxy THC 
Benzodiazepints: Diazepam, Wordirzepam, torszepam, Flurarcpern, Desethylflurazepam, Alprazolam, 
Oxsrepam, Chlordiazepoxide, Desmthylehlordiazcpoxidc 
Berbi t u r i t t s :  Phenobarbi tat, Secobarbi ta t ,  Butabarbi tat  ,* Butalbi tat ,  Pentobarbital, Anobsrbi t a l  
Narcotic Analgesi cs: Meper idine, Hethadwrt, Propoxyphene, Worpropoxyphene, Oxycodont, Codeine, Norphlne, 
Heroin 
Ant idemessants: h i  t r  i p t y l  ine, Nortr ipty( int, Imipramine, Desipramine, Doxepin, Desmcthyldo~epin, 
Fluoxetine, Worf twxet ine  
Antihlstmincs: Dlphcnhydrmine, Chlorphmitmine 
Hal lucinosens: Phencyclidine, LSD 
Antiarrhythmics: Ouinldirte, Ptocainsmide, N - A c t t y l p r o c a i ~ ~ d c ,  l idocalm, F l u a i n i d t  
Musc t e Relaxants : Cyc loknzapr i ne 
Nonbarbi turate Sedatives: Ethchlorvynd, Methaqualone, Meprobmate 
Ant ipsychot ics: Chlorpromezine, Thioridazine, Hesordiazine 

***Stat is t ical  signif icance i s  the resul t  of  chi-square anetysis canparing incidence rates across the 
t ime  ln tervds .  



d 

0-4.0 Hr 6.1-80 Hr 10.1-120 Hr 14.1-160 Hr 181-96.0 Hr 
4.1-6.0 Hr 81- 10.0 Hr 121- 14.0 Hr 16.1- 180 Hr 

Death- to-Specimen Time 

Figure 6.5 ALCOHOL PREVALENCE VS. DEATH-TO-SPECIMEN TIME: 
Drivers Who Died Within 2 HI. 



in Figure 6.6. Among the four drug groups, the amphetamines most 
clearly suggest a systematic relation to elapsed time. The 
amphetamine rates increased with time, which could result from 
amphetamines stored in tissue migrating into the bloodstream. This 
may be a characteristic of those who were longtime users of 
amphetamines. 

The relationships in Table 6.3 and Figures 6.4 and 6.5 led us 
to inquire further for an explanation. We learned that postmortem 
change of drug .concentrations in blood specimens is a phenomenon 
known as "postmortem redistribution of drugsw (Anderson and Prorlty, 
1989). While the alcohol and amphetamine relationships to 
death-specimen time may be examples of this phenomenon, the 
relationships for the other drugs may not be. All the 
relationships will be influenced by'variations among the sites in 
the rapidity with which they were able to extract the specimens. 
Table 6.4 shows that there were highly significant differences 
among the sites on that dimension. ' These, combined with site 
differences in drug prevalence rates, may have effected some of the 
relationships in Figure 6.6. A check was made to see if those 
relationships were maintained within individual sites, but the 
lower numbers and low prevalence rates produced only erratic 
patterns. Consequently, the reliability of the patterns in Figure 
6.6 could not be established. 

6.3 Another Look at the Prevalence Rates 

The analyses above suggest that the reliability of alcohol and 
drug prevalence rates in epidemiological studies of alcohol and 
.drugs in driver fatalities will be better assured by limiting the 
acceptable survival time to two hours for the sample, and by 
obtaining blood specimens no more than six hours after death. 'TO 
approximate the effects of such limits, Figure 6.7 shows the 
alcohol and drug results for the 629 drivers who died within two 
hours and whose blood was taken within six hours. The effect is to 
reduce the alcohol and drug prevalence rates somewhat; the drugfree 
rate increased by 8 percent over its level in the entire sample 
(Figure 5.1). It must be understood, however, that Figure 6.7 
cannot represent the results that would be obtained had all the 
specimens been obtained within the specified time limits; selecting 
the data that way biased the sample toward sites like North 
Carolina and Wisconsin, which collected much of their data shortly 
after the drivers died. 
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Figure 6.6 DRUG PREVALENCE RATES & DEATH-TO-SPECIMEN TIME INTERVAL: 
Drivers Dying Within 2 Hr of Crash 
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Figure 6.7 DRUG PREVALENCE IN 629 DRIVERS WHO DIED WITHIN 2.0 HOURS AND 
WHOSE BLOOD SPECIMEN WAS TAKEN WITHIN 6.0 HOURS AFTER DEATH. 
(WEIGHTED FOR SAMPLE BIAS) 



7.0 DZSCUSSION AND CONCLUSIONS 

Most of 'this chapter is devoted to discussion and conclusions 
on substantive matters -- the prevalence and role of drugs in 
driver fatalities. After that, methodological considerations for 
future research are discussed. 

7.1 The Prevalence and Role of Drugs in Driver Fatalities 

The main objectives of this study were to learn the extent to 
which drugs are found in fatal crashes, and to determine the causal 
role of drugs in those crashes. An additional objective was to 
learn about the circumstances in which drugs were detected. The 
results concerning these objectives were presented in Chapter 5 ,  
and here we draw our conclusions from those results. In so doing, 
we take into account the methodological limitations of the study. 

7.1.1 Alcohol: Still a Dominant Problem 

Although drugs other than alcohol were the basic focus of this 
study, t h e  dominance of alcohol in the fatal crashes was 
inescapable. Fully 40 percent of the drivers had only alcohol in 
their systems, and another 11 percent ' had alcohol combined with 
drugs. No single drug, nor all the other drugs combined, 
approached the prevalence of alcohol. And, of all the drivers with 
alcohol in their blood, 83 percent had 3ACs over O.lO%, and 63 
percent were at or above .15%, well into the intoxication range. 

To be sure, there are reasons to believe these figures are 
inexact as estimates of the total involvement of alcohol. Our 
sample included.drivers surviving as long as four hours after their 
crashes, and alcohol prevalence may be underestimated among th0s.e 
surviving the longer periods. On the &her hand, the data in 
Chapter 6 suggested that overestimation of blood alcohol presence 
could have resulted when the specimens were taken more than a few 
hours after death. These phenomena offset each other to some 
extent, and the obtained rate of alcohol prevalence may not be far 
from the actual one. 

Alcohol is also ubiquitous. Unlike some drugs whose 
popularity seems limited to certain regions, alcohol involvement 
was high at every sampling site. Its prevalence ranged from 40 
percent in the fatalities from California's San Bernadino County to 
69 percent in the Fort Worth area of Texas. It was about as 
prevalent in rural crashes as in urban ones. 

Yet it is not its prevalence alone that makes alcohol a great 
highway safety problem. Judging by its effects on drivers, it is 
one of the most impairing o.f drugs. Among the 625 drivers who had 
BACs a t  or above O.lO%, the responsibility rate was an 
extraordinary 94%, well above that found for any other single 
substance. Alcohol presence was also associated with curve crashes 
and with speeding. . . 



Finally, the study provided evidence suggesting that even at 
BACs below 0.10%, alcohol combined with some drugs may have an 
impairing effect equivalent to alcohol intoxication. This is a 
finding needing clarification in future research, but it does 
denote another dimension of the alcohol.problem.- 

Certainly, there is nothing new in acknowledging that alcohol 
is a most serious highway safety problem, a fact which the public 
has long recognized. This study adds emphasis, however, by showing 
alcohol's predominance when compared with other drugs. 

7.1.2 Drugs Other Than Alcohol: A Limited Problem 

In overview, the following were learned about drugs in fatal 
crashes at the locations sampled: 

Drugs were significantly less prominent than 
alcohol in the fatal crashes. Altogether, 18. . 
percent of the drivers had one or more of the 
tested drugs in his or her system, and only.6 
percent had drugs without alcohol. We found that 
the overall prevalence rate for dmigs other than 
alcohol was about 5 percent higher in urban than in 
rural areas. 

The drugs most prominent were cannabis (7 percent 
of the drivers), cocaine (5 ' percent), benzo- 
diazepine tranquilizers (3 percent), and amphet- 
amines (2 percent). Regional variations were 
apparent, with amphetamines being limited mainly to 
California counties. 

Evidence of causal contributions of the drugs to 
the crashes was very limited. The analyses were 
handicapped by the small numbers of drivers with 
specific drugs, which limited our capability to 
control for key variables such as driver age. In 
the absence of alcohol, no drug or drug group 
evidenced a driver responsibility rate 
significantly different from the drugfree control 
group. When drugs were combined with alcohol, no 
drug or drug group exhibited a responsibility rate 
significantly different from alcohol by itself. 
However, responsibility rates increased with the 
simple number of drugs in a driver's system, a 
statistically significant result similar to that 
found among young males by Williams and colleagues 
(1985). We also found that when controlling for 
specific BAC levels, the aggregated alcohol-drug 
combinations (excluding cocaine) had consistently 
higher responsibility rates than the drivers with 
alcohol alone, an effect most pronounced at BAC 
levels below 0.10%. This last finding, however, . 



needs confirmation with samples ~emitting controls 
for confounding variables like driver age. 

(4) Alcohol tended to be combined with certain drugs. 
It was present in 4 out of 5 drivers with cocaine 
in their systems, and in 2 out of 3 drivers with 
cannabis, antidepressants, or benzodiazepines in 
their blood. 

The most prevalent drugs deserve additional commentary, as 
follows . 

Cannabis. Whtle cannabinoids were detected in 7 percent of 
the drivers, the psychoactive agent THC was found in only 4 
~ercent. Althouah cannabinoids were found in few drivers over 55 
Gears old, cannagis was not entirely a drug of youth. A majority 
of those with THC in their blood (indicating recent ingestion) were 
in the 25-54 age range. Among those with only carboxyLTH~ in-their 
blood (indicating less recent ingestion), most of these drivers 
were in the 15-24 age range, and a majority were motorcyclists. 
Both cannabinoids involved substantially more male than female, 
drivers. 

The THC-only drivers had a responsibility rate below that of 
the drugfree drivers, as was found previously by Williams and 
colleagues (1985). While the difference was not statistically 
significant, there was no indication that cannabis by itself was a 
cause of fatal crashes. However, the responsibility rate for the 
alcohol-plus-THC combination was 95%, and the normalized relative 
risk for the combination was higher than alcohol by itself in the 
intoxication range. Again, small numbers of cases and lack of 
statistical significance justify only the conclusion that the 
possibility of a cannabis-alcohol additive effect is suggested by 
the data and it merits further research. 

For the six drivers with only carboxy-THC in their blood, the 
responsibility rate was 83%. While higher than the drugfree rate, 
the difference was not statistically significant. (Further 
commentary on these drivers is given in Section 7.1.3.) 

Cocaine.  by itself, cocaine was found in only 7 drivers. 
Such a small number hardly justifies a responsibility rate, but it 
may be noted that it was about the same as the THC-only rate and 
not significantly different from the drugfree rate. Like cannabis, 
the CNS-stimulant driver groups involved males much more than 
females . 

Cocaine was most frequently combined with alcohol. Like all 
other drugs, the combination did not yield a responsibility rate 
significantly different from alcohol alone. Unlike THC, the 
results did not suggest the possibility that cocaine adds to the 
impairment of alcohol. Again, however, no firm conclusion is 
justified because of the statistical limitations. 



Jim~hetamines. Amphetamines aione wekpresent in only 12 - 

drivers, but their 83 percent responsibility rate was well above 
the 68 percent rate of the drugfree drivers. Again, results were 
not statistically significant, so the only conclusion justified is 
that the data suggest the possibility of an impairment effect. 

Alcohol was combined with amphetamines less frequently than 
with cocaine. There were suggestions in the results, e.g. with the 
normalized relative risk data, that amphetamines may add to the 
impairment of alcohol. Once again, statistical limitations justify 
no firm conclusions. 

e 1 s  c a1 . These substances were 
detected .infrequently in the sampled drivers. .The largest 
medicinal group was the benzodiazepines, found in only 3 percent of 
the drivers. Most of the benzodiazepines were diazepam (Valium C 

(R)). The medicinal drugs were generally found in older drivers, 
about half being 55 and older. Unlike the other groups, the 
benzodiazepine drivers included mainly women. 

The responsibility analysis for these groups gave little 
indication of impairment effects when these drugs were present 
alone. The responsibility rate of the benzodiazepine-only group 
was virtually identical to the dnigfree rate. A major caveat is 
necessary here, however: the small numbers for any particular drug 
or class prohibited analyzing them separately. Even smaller 
numbers would be involved by concentrating on the elderly drivers, 
a group found to experience elevated crash risks from medicinal 
drugs (Ray et al., 1992). Those relative risks were mostly in the 
range of 1.1 to 2.2, which correspond to responsibility rates 
around 69-81 percent, assuming a drugfree rate similar to our 
sample. For the drug rates to be statistically significant with 
individual drugs in an elderly subsample, a sample size much larger 
than in this study would be needed. 

7.1.3 Effects of Drugs or Effects of Users? 

A nagging question which qualifies conclusions from 
epidemiological studies of drugs in crashes is: If certain drugs 
are linked to elevated crash risks, how much of the elevgition is 
due to characteristics of the people who use those drugs? In 
Section 5.3.1 we reported that the driver substance-group 
categories were significantly related to every driver variable 
examined: age, gender, number of speeding violations, number of - 
other traffic violations, and restraint system use. We had no data 
on personality characteristics, but there may be personal 
attributes common to some user groups that can increase their crash 
risks. For example, Terhunefs (1986) review of research revealed 
a striking similarity between the personal correlates of marijuana 
use and the correlates of crash involvement. Rebellious, deviant, 
youthful males were prominent among marijuana users and among those 
in crashes. 



Unfortunately, thC data of this study include nothing on the . 
personalities or psychosocial history of the drivers. There were, 
howeveri clues suggesting that something besides drug impairment 
contributes to the crashes -of - drug-present drivers. The clues 
were: 

o Drivers with carboxy-THC or amphetamines in their 
blood had high responsibility rates, but the active 
form of the drug may not have been in the driver's 
blood during the crash. 

o Drivers with previous .traffic violations, 
especially speeding, were overrepresented in most 
of the drug groups. While drug use could have 
caused that behavior;-the drug use'may simply have 
been part of a broader behavior pattern. 

Consider the drivers in whom only carboxy-THC was detected. 
The carboxy showed that they had ingested cannabis at some time 
previous to their accident, but the psychoactive THC was no longer 
in their blood. Nevertheless, this group had an 83 percent 
responsibility rate, well above the drugfree rate. It is possible 
that this reflects cannabis impairment, but then we would expect 
the THC-only drivers to have a responsibility rate much higher than 
the 58 percent that was found. While it is true that impairment 
has been found up to 24 hours after cannabis ingestion (Leirer, 
Yesavage, and Morrow, 1991), it is also true that carboxy-THC may 
be found in plasma several days after marijuana smoking (Barnett 
and Willette, 1989). It is noteworthy that the carboxy-THC group 
comprised mainly motorcyclists under age 25 (all males), with the 
highest record of previous speeding violations of any of the 
SUBSAMPL driver groups. Again we are hampered by small numbers 
(only 6 drivers), but we would not infer that cannabis caused the 
high responsibility rate of these drivers. 

Another questionable group comprised the 12 drivers with only 
amphetamines in their blood. They too had an 83 percent 
responsibility rate. Unlike the carboxy-THC group, this one was 
predominantly in the 25-54 age range. This group also had a 
history of driving violations greater than the drugfree group, 
although the record was not as pronounced as in the. carboxy-THC 
drivers. Our analysis in Chapter 6 suggested that amphetamines 
could have been in the blood of some drivers as the result of the 
specimens being taken several hours after death, during which time 
the amphetamines could have leached from tissue back into the 
blood. There may have been a history of amphetamine use, but the 
amphetamines may not have been in the blood at the time of the 
crash. If this is true, what would explain the high responsibility 
rate of this group? It is quite possible that the amphetamines 
were used by some drivers to compensate for lack of sleep, and that 
fatigue was the dominant cause of their crashes. 



The confounding of drug effects by personality and behavioral 
patterns is a possibility that must be considered in making 
inferences from research on drugs in crashes. The problem is as 
applicable to studies using control groups of on-the-road drivers 
as to crash studies using responsibility analysis. It is less of 
a problem regarding alcohol, where the correlation of BAC to crash 
risk is convincing evidence of the effect of alcohol. With drugs, 
unfortunately, a parallel relationship of concentration to crash 
risk has not been demonstrated. 

7.2 Methodological Considerations 

A drug study as extensive as this is expensive to conduct, 
particularly because of the costs of operating the data collection 
system and the costs of comprehensive blood assays. It behooves 
us, consequently, to identify any methodological improvements that 
could increase what is learned in future research, and perhaps 
reduce costs. That we do here. 

7.2.1 Driver Fatality Studies 

Chapter 1 concluded by reviewing the main benefits and 
limitations inherent in a driver fatality study. In addition, 
factors that may be controlled to increase the successfulness of 
the research are as follows: . 

Em~lov an on-site field staff. Without exception, 
the coroner and medical examiner staffs 
participating in this study were most cooperative, 
but necessarily and properly they had to give first 
'priority to the conduct of their official duties. 
Many were still able to meet the needs of this 
study very well, but the - sample completion rates 
showed this was not always the case. Having field 
representatives of the research organization at the 
sampling sites could facilitate the review of 
incoming cases to see that all relevant ones are 
included. Other very significant benefits could be 
achieved as well. Arrangements might be made with 
the State and local personnel for the acquisition 
of the blood specimens shortly after death, which 
would aid drug detection and enhance comparability 
of results across sites. Uniformity of specimen 
acquisition and shipping procedures would also be 
facilitated. Finally, more relevant details on the 
crash occurrence might be obtained, as a valuable 
supplement to the sometimes sparse police accident 
reports. 

(2) Use more efficient sample desicms. This study 
found nonalcoholic drugs in only 18 percent of the 
drivers, meaning that well over $300,000 in 



acquisition, shipping, and assay costs was spent 
for blood specimens containing none of the drugs. 
A more cost-beneficial approach might be targeted 
at samples where d'rugs are mostpronounced, such as 
younger males. To study medicinal drugs, an older 
--perhaps elderly-- population is more appropriate. 

It should be recognized that sampling from a 
restricted population . of drivers limits 
generalizations to that population. That may not 
be a handicap if the population is one of special 
interest, such as the young or elderly drivers. 

If the objective is not to study causation but to 
monitor national drug prevalence rates, a different 
sample design is necessary. In that case, random 
or stratified samples would be cost-effective. 

(3) Concentrate on fewer drucrs. This and other 
studies have found that there are relatively few 
drugs which have prevalences large enough to 
present a highway safety problem. These were 
mainly drugs of abuse. Assay costs .could be 
greatly reduced by concentrating' on these few 
prominent drugs. 

While improvements in methods may be possible, we may question 
whether a fatal study is the best'way to study the role of drugs in 
crashes. In addition to the operational and statistical 
difficulties we encountered, we have also seen problems introduced 
by postmortem blood specimens. Toxicologists Anderson and Prouty 
gave the following warning: 

Caution must also be exercised in interpreting 
analytical results as they relate to the physiological 
effects of drugs on drivers in motor-vehicle-related 
deaths. Predicting the effects of drugs on driving 
skills is a nebulous exercise in the living subject; 
difficulties are compounded when attempts to make such 
predictions are based on postmortem measurements 
(Anderson and Prouty, 1988, p.99). 

Some of the problems of postmortem specimens would be avoided 
by studying injured but surviving drivers. There are advantages to 
that kind of study, which are discussed next.. 

7.2.2 Injured Driver Studies 

For the objective of determining whether drugs play a causal 
role in crashes, using hospitals and trauma centers to study 
injured but surviving drivers offers several advantages. Briefly, 
these are as follows: 



(1) Broader accident sam~le. injury accidents cover a 
broader portion of the accident spectrum than do 
fatal crashes, thus they may provide more broadly 
relevant results. 

( 2 )  O~~ortunitv to studv more subtle effects. BY 
necessity, a fatal sample will be heavily weighted 
in favor of the extreme behaviors that produce 
high-severity crashes- speeding, falling asleep, 
etc. Single-vehicle crashes are frequently 
involved. Nonfatal crashes are more likely to 
involve multi-vehicle collisions and high-demand 
situations (traffic, intersections, etc.). Even 
slight driver impairments produced by drugs may be 
'critical in those situations. 

(3) Better s~ecimen cnralitv. Severe thorax trauma is 
common in fatal crashes, which can result in heart 
blood contamination and cause misleading assay 
results. Specimens taken from injured drivers are 
more likely to be of good quality. In addition, 
they will not have the problems of postmorkem drug 
redistribution. 

(4) Wwer overall res~onsibilitv rate. Fatal crashes, 
which are dominated by single-vehicle crashes and 
behavioral extremes, tend to have high 
responsibility rates, even among drugfree drivers. 
This liinits the degree to which drugs can elevate 
responsibility rates, especially when. comparing 
drug-alcohol combinations with alcohol alone. 
Nonfatal injury crashes tend to involve more multi- 
vehicle crashes and lower overall responsibility 
rates, providing a greater opportunity for 
significant impairment effects to be detected. 

On the debit side, there are two main limitations to sampling 
injured drivers. The first is that relatively few hospitals and 
trauma centers are likely to be used in the study; the 
unwillingness of some, and the cumbersomeness of logistics are 
deterrents to using several. Consequently, this lack of broad 
geographical representation makes this approach less amenable to 
estimating prevalence rates. That is why we emphasize its value 
for determining causation rather than prevalence rates. The second 
limitation is the difficulty of obtaining an unbiased sample of 
drivers. When the patient's permission is needed to draw a blood 
specimen, the refusal rate can be substantial (Terhune, 1982). 
This limitation is best avoided by using hospitals that routinely 

. 
obtain blood specimens on all injured drivers. 



7.2.3 The Vanderbilt Apprach 

Chapter 1 cited a study of the crash risks associated with 
prescription drugs in the elderly, by_ Ray and colleagues at 
Vanderbilt University (Ray et al., in press). By making use of 
prescription records and accident records, the researchers were 
able to achieve a sample size of over 16,000 drivers, including 
data on drivers not in accidents as well as in accidents. This 
provided a high statistical sensitivity capable of detecting the 
relative risks of prescription drugs. It also permitted the study 
'of effects of dosage level. While this approach is generally not 
applicable to drugs of abuse, for prebcription drugs it is a much 
more effective (and cheaper) method than studies requiring the 
collecting and assaying of blood specimens. A possible limitation 
of the method is the required inference that elevated crash risks 
of drugs were due to the drugs and not the problem that led to 
their use. However, the researchers' controls for dosage level and 
likelihood of drug use offset this limitation somewhat. 



8 . 0  RECOMMENDATIONS 

ft is recommended that the National Highway Traffic Safety 
Administration consider the following for implementation, 

(1) Further research on alcohol-drua effects. Provocative 
but inconclusive evidence was provided in this study on the effects 
of drugs combined with alcohol, The data suggested that combining 
some drugs with subintoxication levels of alcohol could increase 
relative crash risks to the range of alcohol intoxication. 
Unfortunately, it was necessary to combine data involving different 
drugs, and the contribution of any one was not discerned. This 
lead should be followed up in other studies, which may include 
crash studies and experimental research. The results may provide 
an important basis for educational and other preventive programs 
conducted by NHTSA. 

(2) Research isolatina drua effects from ~ersonalitv and 
behavioral patterns. Evidence of this study and previous ones 
suggests that abuse drugs may be used by people whose life style 
involves high-risk behaviors. A better understanding of the 
effects of drugs may be achieved if the contribution of life style 
can be distinguished from the impairment effects of drugs. This is 
a difficult challenge for research methodology, but it may be 
amenable to creative solutions. For example, benefits might be 
gained by studying drug-impaired drivers identified within NHTSAts 
police drug detection training program. They could be cgmpared 
with a control group on relevant dimensions, such as their traffic 
record, criminal record, social deviance, risk-taking behaviors, 
and so on. 

(3) Monitor selected druas throuah FARS. Interesting 
regional variations in crash drug involvement were indicated by 
this study, which included approximately 8 percent of drivers 
killed nationwide and meeting our sampling criteria during the 
study period, Developing a more complete picture is desirable. 
Since trends in drug use are clearly evident in surveys of the 
National Institute on Drug Abuse, monitoring crash drug prevalence 
over time is suggested. Since the FARS system already does this 
with alcohol, expanding the data collection to other drugs is 
appropriate. Since blood assays are so expensive, it is 
recommended that only a fractional systematic sample be used, 
concentrating on a few drugs of greater importance. Cannabis, 
cocaine, amphetamines, benzodiazepines, and barbiturates should be 
considered. Careful control of specimen collection methods should 
be achieved, which suggests the use of relatively few test sites. 

(4) Automatinu res~onsibilitv analysis. Responsibility 
analysis was made more objective in this study by specifying coding 
guidelines for assigning responsibility in specific collision 



types. The guidelines are generally based on vehicle actions and 
collision configurations. There is a good possibility that a 
computer program could be written.to estimate driver responsibility 
from key indicators that could be readily coded from accident 
reports. It is recommended that NHTSA consider developing such a 
method, which could provide .a valuable research and monitoring 
tool. 

( 5  ) Injured driver study. For reasons discussed in the 
previous chapter, it is recommended that NHTSA' consider an injured 
driver study to further our understanding of the causal 
contribution of drugs to crashes. 
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Appendix A 
The Drug Selection Procedure 

We sought to identify the drugs potentially the most important 
to crash causation in forming the list of drugs for examination in 
the present study. We began with a list of 55 "Drugs of Interest" 
provided by the COTR, who designated 29 of them as being of %uost 
interest." Since costs to assay all the drugs on the list would 
have been prohibitive and well exceed estimates in the initial 
budget, we sought to eliminate drugs of minimal importance, add 
others if warranted, and establish an order oY importance for the 
drugs on the list. For the purposes of selection, importance was 
defined as a function of estimated incidence (frequency of use) and 
impairment effects. Impairment effects were estimated through 
ratings of the 1980 NHTSA workshopgs panel of experts (see Joscelyn 
and Donelson, 1980). Estimated incidence was determined through a 
literature review of recent studies, from drug sales data, and 
other reports of drug usage. Incidence was emphasized for the 
following reasons: 

(a) Incidence in crash studies will reflect botheincidence of 
use and impairment effects. 

(b) Incidence is more objectively determined. 
(c) All the drugs on the COTR's list are likely to be 

impairing under certain dosages. 

A.1 The Final Drug List 

The final drug list for study (44 drugs and 11 metabolites) in 
this project is shown in Table A-1. Of the COTRts original list of 
55 drugs, our list includes 35 of those, among which are all those 
designated of greatest interest by the COTR. The table shows the 
ranges of prevalence rates found in previous studies of drivers and 
the number of experts mentioning the drug as important to our 
study. 

It is important to point out that our recommended drug list 
was governed in part by the objective of keeping the assay costs 
within the level designated in the contract budget. The COTR's 
initial list of suggested drugs would have far exceeded that level, 
hence we proceeded to reduce the list by eliminating drugs of less 
indicated importance. After an initial list was decided upon (our 
weoreis list of drugs we determined to be of most interest and 
importance), we found that our laboratory of choice, American 
Medical Laboratories, was able to include some other drugs at no 
extra cost. 

A.2 The Selection Process 

The selection of the drugs of interest began with the COTRss - 
proposed list, which was amended after reviewing other sources of 
information. The first avenue explored was the literature review of 



- Table A-1 

Study Drug List 

(Drugs are listed in order oi estimated incidence/importance) 

~roup* Substance Incidence No.- 
in Studies Mentioning 

- I: Alcohol (ethanol) 25-792 13 
May Delta-9 THC 7045% 12 
exceed. Carboxy-THC 7-459 12 
8% (THC metabolite) 

11: Benzodiazepines 408% 8 
408% Diazepam 
expected Nordiazepam 

(diazepam metabolite) 
Lorazepam 
Flurazepam 
Desethylflurazepam 
(flurazepam metabolite) 

Alprazolam 
Oxazepam 
Chlordiazepoxide 

111: Cocaine - 1912% 13 
204% Benzoylecgonine 
expected (cocaine metabolite) 

Phencyclidine 1056% 3 
Barbiturates 003% 6 
Phenobarbital 
Secobarbital 

. Butabarbital 
Butalbital 
Pentobarbital 
Amobarbital 

Non-heroin opiates 
Codeine 
Morphine 

Amphetamines 
Amphetamine 
Methamph,etamine 
Caffeine 

IV: Heroin 
Less Non-barbituate 
than 2% sedatives 
expected Ethchlorvynol 

Methaqualone 
Meprobamate 

Not reported 
096% 



Study Drug List (Continued) 

Group* Substance Incidence No. Exp&x 
in Studies Mentioning 

IV: Antihistamines 1% 3 
(cont. ) Diphenhydramine 

hydrochloride 
Chlorpheniramine 

LSD . 5% 4 
Antidepressants . 5% 3 
Anitriptyline 
Nortriptyline** 
(amitriptyline metabolite) 

Imipramine** 
Desipramine** 
(imipramine metabolite) 

Fluoxetine** 
Norfluoxetine** 
(fluoxetine metabolite) 

Doxepin** 
Desmethyldoxepin 
(doxepin metabolite) 

Analgesics 0.501% 
Meperidine - 
hydrochlorine 

Methadone 
Propoxyphene 
Norpropoxyphene 
(propoxyphene metabolite) 

Oxycodone 
Antipsychoti cs 
Chlorpromazine** 
Thiori'dazine** 
Mesoridazine** 

Antiarrhythmics 
Quinidine** . 
Procainamide** 
N-Acetylprocainamide 
(procainamide metabolite) 

Lidocaine** 
Flecainide** 

Muscle relaxant 0.1% 0 
Cyclobenzaprine** 

*Groups are based on expected incidence rate for the drug or drua - 
urouDs ; e.g., benzodiazepines as a group are expected to be in 
the 408% range, hence all benzodiazepines are listed in Group 11. 

**These drugs were included because the recommended assay 
laboratory included them at no extra cost. 



recent .(past 5-7 years) studies involving drug/alcohol use and 
- highway accidents. The studies reviewed are listed in Table A-2. 
This review provided expected incidence rates for most of the drugs 
on the COTR8s list, and this information served as a starting point 
for prioritizing the drug list. Next, experts in the field were 
contacted by phone to ensure that the drug list proposed was the 
most %p-to-date." This group of experts consisted of scientists 
conducting research in the field, directors of drug abuse centers 
(or their associates), law enforcement officials, and toxicologists 
from the States targeted for data collection. These experts gave 
their recommendations for drugs to be included and estimates of 
their incidence rates based on their own research findings and/or 
contact with these substances. The experts contacted are listed in 
Table A-3. 

Also examined was the 1987 report from the Drug Abuse Warning 
Network (DAWN) provided by the National Institute of Drug Abuse. 
This report consists of statistics on types of drugs found in 
emergency room episodes and their prevalence rates. The report 
revealed that 90% of the total emergency room episodes involving 
drugs listed the following 6 substances: cocaine (32%), alcohol in 
combination with another drug (28%), heroin/morphine (13%), 
mari juana/hashish (7%) , PCP/PCP combinations (6%) , and diazepam 
(5%). This information was also used in the development of the 
final list of drugs .of interest. 

A.3 Rationale for Choosing the Final @@Drugs of Interest@@ 

In developing the final list of drugs of interest, most weight 
was given to the prevalence rates reported in the reviewed studies. 
Other sources, such as the consensus of experts in the field, were 
also taken into consideration. 

Eight dwgs in Table A-1 were frequently mentioned by experts 
in the field as drugs used most often and potentially dangerous to 
driving ability. These were alcohol, marijuana, cocaine, diazepam, 

. PCP, heroin, morphine, and barbiturates. All of these substances 
were on the list suggested by the COTR for inclusion in the present 
study. 

Excluded from Table A-1 are volatile solvents and appetite 
suppressants. These substances were excluded from the list mainly 
because of low incidence rates. The incidence rate oE volatile 
solvents is extremely low and their presence in the blood can be 
detected within only a short time of their ingestion. The effects 
of caffeine and appetite suppressants were given the lowest 
possible rating by the 1980 NHTSA workshop's panel of experts 
(Joscelyn and Donelson, 1980). 

Other drugs which were on the COTR8s list, such as mescaline, 
MDA, and some antidepressants were eliminated after assay cost 
estimates, prevalence rates, and expert opinions were considered. 



Table A-2 

Studies Used in Literature Review to Obtain Incidence Rates 

Cimbura, G., Lucas, D. M., Bennett, R. C., Warren, R. A., & 
Simpson, H. M. (1982). Incidence and toxicological aspects 
of drugs detected in 484 fatally injured drivers and pedestrians 
in Ontario. Journal of Forensic Sciences, 27f41, 855-867. 

Compton, R. P. (1986). Field evaluation of the Los Angeles Police 
Department Drug Detection Program. NHTSA Technical Report No. 
DOT HS, 807 012. 

Donelson, A. C., Haas, G. C., t Walsh, P. J. (1986). The etiology 
of fatal traffic accidents involving alcohol and cannabis. 
Report from the Traffic Injury Research Foundation of Canada, 
171 Nepean Street, Ottawa, Ontario, Canada, K2P OB4. 

Mason, A. P., & McBay, A. J. (1984). Ethanol, marijuana, and other 
drug use in 600 drivers killed in single-vehicle.crashes in 
North Carolina, 1978-1981. Journal of Forensic Sciences, 29 (4) , 
987-1026. 

Nakabayashi, K., Aronson, S. C., 'Siegal, M., Sturner, W. Q., & 
Aronson, S. M. (1984). Traffic fatalities in Rhode Island: 
Part 11. The timing of accidents and the role of marital 
status, alcohol, and psychoactive drugs. Rhode Island Medical 
Journal, 67, 171-178. 

Soderstrom, C. A., Trifillis, A. L., Shankar, B. S., Clark, W. E., 
C Cowley, R. A. (1988). Marijuana and alcohol use among 1023 
trauma patients: A prospective study. Archives of Surcrerv, 
n, 733-737. 

Terhune, K. W. (1982). The role of alcohol, marijuana, and other 
drugs in the accidents of injured drivers. Calspan Field 
Services, Inc., Buffalo, New York, Perf. for the U.S. Dept. of 
Transportation, Contract No. DOT-HS-5-01179. 

Williams, A. F., Peat, M. A,, Crouch,' D. J., Wells, 3. A., & 
Finkle, B. S. (1985). Drugs in fatally injured young male 
drivers. P u b l i c H e a l t h  100 (11 , 19-25. 



Table A-3 
- .  

List of Experts Contacted 

Mr. Paul Cascarano 
Asst. Director.of the National Institute of Justice 
Director of the Drug Use Forecasting Project 
Washington, D. C. . 

Dr. Alan Donelson 
Traffic Injury Research Foundation 
Ottawa, Canada 

Mr. Christopher Hanson 
Asst. Director of the Bureau of Alcoholism and Substance Abuse 
State of Washington 

Dr. Arthur McBay 
Chief Toxicologist 
State of North Carolina 

Mr. Dennis McCarty 
Head of Statistics 
Division of Drug Rehabilitation 
State of Massachusetts 

Dr. Herbert Moscowitz 
Director of Southern California Research Institute 

Dr. Alfonse Polklis 
Director, Dept. of Pathology 
MCV Station 
Richmond, Virginia 

Mr. David Polley 
New York State Regional Coordinator for Drug Abuse Services 

Mr. Michael Quirke 
Head of Statistics 
Office of Alcohol and Other Drug Abuse 
State of Wisconsin 

Dr. Vidmantas Raisys 
Head of Toxicology 
State of Washington 

Mr. Edward Reese 
Coordinator of the New York State Division of 

Substance Abuse Services 

Mr. Richard Swartz 
Asst. Director of the Dept. of Alcohol and Drug Abuse 
State of California 



Sgt. Richard Ward 
DUI Division 
~alifornia Highway Patrol 



* .. - -. 
A.4 summary 

Our objective in developing a."Drugs of interestw list was to 
recommend the most important drugs with regard to highway safety 
that could be assayed within the contract budget. In so doing, the 
COTRgs suggested list of 55 drugs was reduced by considering assay 
costs in relation to indicated importance of each drug.' Importance 
was determined through evaluation of several sources of 
information: a literature review conducted on related studies 
completed in the last seven years, phone conversations with experts 
in the field, NHTSAgs 1980 workshop report on identification of 
drugs of interest in highway safety, and the Pharmacy Times list of 
the top 30 prescription drugs for 1987; The final drug list 
contained. 44 parent drugs and 11 metabolites. 

References 
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'1t is important to note that the COTRgs original recommended 
list of 55 drugs was the same as the final list of 55 drugs. %- 



- Appendix B 
Descriptions of the Drugs studied 

The objective of this appendix is to provide the interested 
reader with information on the nature of the drugs examined in the 
study, particularly with regard to the behavioral effects that 
suggested them as a potential highway safety problem. This is not 
intended as a technical discussion of psychodynamics or psycho- 

- _ kinetics. 

The drugs are discussed below within the classifications used 
in this report. The primary references used in compiling this 
information were: Dis~osition of Toxic Druas and Chemicals in Man, 
by R.C. Baselt and R.H. Cravey; NHTSA Report No. DOT-HS-805-461 - 
D-mcrs and Hiahwav Safetv, 1980, by K. B.- Joscelyn et al. t and The 
Pill Book, by G.I. Simon and H.M. Silverman. 

Alcohol (ethanol) is considered primarily a recreational or 
msocialgt drug, one rarely used therapeutically. Alcohol is quickly 
and evenly absorbed throughout the body. It is a central nervous 
system depressant, i.e. it depresses the activity of all excitable 
tissues, which results in changes that range from a slight lethargy 
or sleepiness, to anesthesia, to death from breathing and heart 
depression (Schuckit, 1989). Alcohol impairs several functions 
related to driving: motor coordination, attention and alertness, 
visual acuity, mood (dksinhibition), judgment, reaction time, and 
decision-making (Jones and Joscelyn, 1978). However, the degree of 
impairment or specific effects on the user are dependent upon the 
amount of alcohol consumed and on age, sex, weight, and the user's 
history of alcohol use. Further, when combined with other drugs, a 
lack of sleep, or a lack of food in the stomach, the impairment 
effects of alcohol may be enhanced. 

Tests to detect alcohol are among the simplest and least 
expensive and are quite accurate. Blood alcohol concentrations 
(BAC) can most reliably be obtained through blood or breath (using 
the "Breathalyzerw test), and can be estimated from urine or 
vitreous humor specimens. 

8.2 Cannabis 

Cannabis is derived from the Cannibis sativa plant, and it may 
be the most widely-used recreational drug after alcohol. It has 
been used for thousands of years in various countries (and 
cultures) around the world. Cannabis is generally smoked, although 
it is sometimes ingested orally. The cannabis user may experience 
euphoria, increased hunger, paranoia, inability to keep track of 
time, sleepiness, and short-term memory loss. At high doses, 
hallucinations, confusion, panic, and disorientation may occur. 
Experimentally, cannabis has been found to effect performance 



decrements on tracking, sensory- and perceptual functions, motor 
coordination, and reaction time (National Academy of Science, 
1982). Some common street slang that refers to marijuana includes 
pot, grass, ganja, weed, and mary jane. 

Delta-9 tetrahvdrocannabinol. Delta-9 tetrahydrocannabinol 
(THC) is the most active substance found in the marijuana plant 
(Cannabis sativa). The presence of this substance in a blood 
specimen indicates recent ingestion of cannabis. It is believed 
that delta-9 tetrahydrocannabinol is the ingredient in cannabis 
that produces all of the effects experienced by the individual and 
is the psychoactive ingredient that produces the Nhighw. 

Carboxv-THC. Carboxy-THC is an inactive metabolite of delta-9' 
tetra-hydrocannabinol. Found by itself, carboxy-THC does not 
indicate recent use, or a "high," but it is thought to accumulate 
in some fatty tissue in regular users (Jaffe, 1985, as cited in 
Schuckit, 1989). 

8.3 Ballucinogens 

Hallucinogens are chemical combinations which distort the 
user's perceptions of reality, causing him/her to visually and/or 
auditorially experience sensations, sights, or delusions that 
deviate from **objectivem reality. They can be ingested in several 
different ways, including orally, intranasally, intravenously, or 
smoking, and they operate by stimulating the central nervous 
system. Hallucinogens are considered nrecreationalH drugs and are 
created from natural and/or synthetic compounds' For the most part, 
hallucinogens are illegal and are among the drugs of abuse. 

Phencvclidine. Phencyclidine (PCP) can be used (in its 
legitimate form) as an animal tranquilizer; however, it is also 
used as a stteet drug, ingested by humans. PCP can cause 
disorientation and loss of coordination, as well as full-blown 
hallucinations. It is the distortion of- objective reality that 
makes a driver under the influence of PCP potentially very 
dangerous. Since the driver may see things that aren't really 
there, his or her actions may be inappropriate and increase the 
likelihood of causing an accident. Another name by which PCP is 
commonly known on the street is "angel dust.'* 

Lvseruic acid diethvlamide. Lysergic acid diethylamide (LSD) 
is a synthethic compound manufactured and taken only for its mind- 
altering properties. As with other types of hallucinogens, the user 
can experience visual, auditory, and thought distortions, all of 
which have the potential to cause a person driving a vehicle to 
take inappropriate or dangerous actions. LSD is also known as 
"acid." 



8.4 Benzodiazepine Tranquilizers 

Benzodiazepines are often classified as "minorw tranquilizers 
prescribed by doctors for the relief of anxiety and tension. 
~enzodiazepines depress the central nervous system and work by 
relaxing the large skeletal muscles. Although generally considered 
safe (without harmful side effects) by the medical community, these 
drugs have the potential for abuse, and may impair driving 
performance by decreasing motor coordination, reaction time, 
alertness, and decision-making'ability ('Joscelyn et al., 1980). 
This impairment effect may be enhanced when. the drug is combined 
with alcohol (Scharf , 1988, as cited in Schuckit, 1989) . Most of 
the drugs listed below that belong to this class are chemically 
similar and exert similar effects. Important differences are noted. 

DiaZeDam. Diazepam is commonly known by its trade name - 
Valium(R), at one time the most often prescribed drug of the 
benzodiazepine group. In recent years, the number of prescriptions 
for Valium (R) have declined, partly due to the allegation that many . 
doctors were overprescribing the drug. 

Nordiaze~am. Nordiazepam is the metabolite .of diazepam, 
usually found in the blood with diazepam. 

Loraze~am. Lorazepam is a minor tranquilizer commomly known 
by the trade name Ativan(R). It is prescribed for relief of 
anxiety, tension, or agitation. 

FluraZeDam. Flurazepam is a minor tranquilizer often 
prescribed for insomnia or sleeplessness. Its brand name is 
Dalmane (R) . 

pesethvlfluraze~am. ~esethylflurazepam'is.the metabolite of 
flurazepam. . 

Jil~razolam. In low doses (0.75-4 mg.), alprazolam is 
effective as an anti-anxiety agent. When prescribed at higher doses 
(6-9 mg.), the drug is effective in treating phobic disorders and 
panic attacks (Baselt and Cravey, 1989). The common trade name for 
alprazolam is Xanax (R) . 

. OxazeDam. Oxazepam is an anti-anxiety agent, somewhat less 
potent than diazepam. Its common trade name is Serax(R).. 

Chlordiaze~oxide. . Chlordiazepoxide is commonly known as 
Librium (R) , prescribed as an antianxiety agent, an anticonvulsant , 
a muscle relaxant, or a h-notic. It'is considered the "prototypeM 
of the benzodiazepine class, being the earliest to have been 
approved for human use (Baselt and Cravey, 1989). 

Desmethvlchlordiaze~oxide. Desmethylchlordiazepoxide is the 
metabolite of chlordiazepoxide. . 



Appendix C 
Statistical Power Analysis 

NHTSA's original solicitation for this project specified a 
tentative sample size of 2,550 drivers. To determine whether this 
or a different sample size was appropriate for the objectives of 
the study, we applied statistical power analysis (Cohen, 1969) to 
the central analysis planned, responsibility analysis. A basic 
question addressed was: What sample size is needed in order to 
determine whether the responsibility rates (percentages) of 
drug-involved drivers are significantly different from the rates of 
the "drugfree" drivers? To perform the power analysis, it was 
necessary to know or' assume the following: 

o m e  statistical test to be used. In our case, this 
was the Chi-square test. 

o m e  emected drucrfree ~ro~ortion of drivers. Pre- 
vious studies of fatally-injured drivers indicated - - 
this to be about 35%. 

o The ex~ected resbonsibilitv rate of the drucrfree 
drivers. The previous studies suggested this would 
be around 68%. 

o How small a drua effect is im~ortant to detect? It 
seemed reasonable to require that the analyses be 
able to detect a drug-associated responsibility 
rate at least 10% higher than the drugfree rate. 
Consequently, we considered an elevation of that . 
magnitude "an important effect." 

o How much statistical ~ower is desired? Power is the 
probability that a test will detect a genuine differ- 
ence betwe& two groups; the more powerful a test, 
the more likely one is to find small differences to 
be statistically significant. While a 'power level 
of 0.80 is desirable (Cohen, 1969), we decided 
that a level of 0.60 was acceptable. 

0 T T  
drus srouD of interest, when  resent bv itself. To 
indicate a drug's contribution to crashes, we have 
to examine its responsibility rate in drivers who 
have only that drug in their systems. Evidence from 
other studies of fatally injured drivers indicated 
that drugs of abuse are most often found combined . 
with alcohol. For example, Donelson et al. (1986) 
found THC present in 11% of driver fatalities, but 
the THC was by itself in less M a n  1%. Considering 
the prevalence rates found in previous studies, it was 
our judgment that the highest (most optimistic) 
prevalence rates for drugs present alone would be 3% 



* - - - 
. for cannabis, cocaine, and phencyclidine respectively, 

and 5% for the benzodiazepine group. 

Calculations were extensive; what follows here is a summary of 
the results from those calculations. 

It was found that for a power of 0.80, a sample size of over 
3,400 drivers would be needed to detect important effectn of a 
drug having a 5% incidence rate by itself, and over 5,700 drivers 
would be needed for a rate of 39. For a power of 0.60, the figures 
changed to 2,150 and 3,500. It appeared that the sample size of 
2550 targeted in NHTSA's solicitation for pkposals had minimal 
statisticaz power, and could produce inconclusive statistical 
results. Even a sample size of 3,500 appeared to offer adequate 
statistical power only for a drug with a 59 prevalence rate by 
itself. 

Since the most prevalent drugs of interest were expected to be 
found with alcohol much more than they are found alone, we 
performed power analysis to answer a second basic question: What 
sample size is needed to determine whether an alcohol-drug 
combination has a significantly higher responsibility rate than 
alcohol by itself? On the basis of the research literature, we 
estimated that about 40% of the drivers will have only alcohol in 
their systems, while 6-109 would have alcohol combined with 
cannabis, cocaine, or PCP, and 3.4% would combine benzodiazepines 
with alcohol. But since alcohol alone was expected to have a 
responsibility rate around 889, it seemed unlikely that the 
alcohol-drug combination would raise responsibility much more than . 
5%, to 93%. Detecting an effect of this magnitude is possible with 
a sample size of 2550 and drug-alcohol combinations with 8010% 
prevalence rates, according to'our calculations. A sample of 3500 
drivers appeared necessary for drug-alcohol combinations with a 6% 
prevalence rate. It seemed, then, that the 2550-driver sample had 
more power to detect the effects of drug-alcohol combinations than 
of drugs (or drug groups) present by themselves. 

A further important consideration regarding sample size was 
the size of the confidence intervals in projecting drug prevalence 
rates in the population of driver fatalities. Table C-1 suggested 
that we would be able to estimate the population rates to within 
1%' based on a 2550-driver sample, or within 1-4t, for driver 
subgroups as small as 10% of the total sample.' (This is relevant, 
for example, to our provision of prevalence rates for individual 
States.) While it must be recognized that our sample was not to be 
a true probability sample, it did appear that the 2550-driver 
sample size was more thah adequate for approximating prevalence 
rates. 

 he calculations are based on the assumption that the sample 
of 2550 drivers would be taken from an infinitely large population. 



- Table C-1 

Drug Prevalence Rate Confidence Intervals* 
Using a 2550-Driver Sample Size 

A. Estimating Population Incidence from Complete Sample 

Jncidence 
Rate 95% Confidence Internal 

B. Estimating Population Subgroup Incidence Rates from a 
Subsample of 255 Drivers (10% of Sample) 

Incidence 
Rate - 95% Confidence IntervaL 

*These confidence intervals assumed an infinitely large 
population. 



A final consideration regarding sample size was that our power 
considerations did not assume subdivision of the sample in any way, 
as appropriate in attempts to control for driver age and gender, 
urban vs. rural crashes, time interval between crash and driver's 
death, etc. Since each subdivision would further reduce 
statistical power, subdividing did not appear feasible. 

In summary, our conclusions on sample size were as follows: 

Because a driver-fatality sample was expected to have 
very low prevalence rates of drugs present by them- 
selves, the RFP target of 2550 drivers had minimal 
ability to reveal impairment effects of individual 
drugs or drug groups, when using responsibility 
analysis. Even a 3500-driver sample appeared capable 
of detecting drug effects only under best-scenario 
conditions. 

If our assumptions were.valid, a 2550-driver sample 
would have a somewhat greater possibility of detecting 
impairment effects of alcohol-drug combinations than 
of drugs present by themselves. 

A sample of 2550 drivers appeared to have more than 
ample capability for estimating incidence rates with 
small confidence intervals, i.e., + or - 1%. 

the 2550-driver sample would have senred well the 
objective of estimating drug incidence rates, but many results 
still would have been inconclusive regarding drug impairment 
effects. Certainly a larger sample would have had greater 
statistical power, but even raising the sample to 3500 drivers 
could easily have shown inconclusive results with the 
responsibility analyses; Considering the greatly added expense and 
logistic difficulties of a substantially larger sample size, we 
recommended staying with the 2550-driver sample target. 
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Data Collection Procedures 

Figure D.l illustrates how each case began with a driver 
fatality and was completed when its data forms were in final 
storage. 

(1) 

The steps incase creation were generally as follows. 

-Driver dies. A fatal'crash results in the initiation of 
a police accident report (PAR) and, upon the driver's 
death, the cadaver is examined by a coroner or a medical 
examiner. The body may be transported to an autopsy 
center. 

Site initiates case. The fatality enters our study when 
the site determines that, as far as is known, the driver 
is eligible for our study. With that tentative 
determination, a blood specimen is drawn in accordance 
with the written project protocol. Heart blood is taken, 
unless due to trauma none is available, or it appears to 
be contaminated, e.g., by stomach contents. In these 
case, the specimen is taken from the best available 
source. The blood is placed a into project-supplied tube 
containing sodium fluoride as a preservative. The site 
promptly completes a Case Initiation Form (a project 
document), and faxes or mails it to Calspan, where the 
case is logged into the Case Monitoring Database (CMDB). 

Site sends s~ecimen to assav lab, The tube is 
immediately shipped, or if a large-volume site, tubes are 
stored up to 6 days at 4 O  C, then shipped in batches. 
(Depending on the site organization, shipment is either 
dizectly to American Medical Laboratories or through a 
central coordinating office for the site,) Shipments are 
sent by air express, for delivery within 24 hours. Site 
faxes or mails airbill to Calspan. 

Note: The specimens were shipped in special protective 
boxes supplied by the project. No cooling packs were 
included, when discussion with our toxicological 
consultants determined that they were not essential. 

Lab assavs blood. Daily, the American Medical 
Laboratories .teletype to Calspan. a report of all 
specimens received, The lab stores each specimen at 4 O  

C, and within 24 hours of receipt, screening for drugs 
begins. Positive results are followed by confirmation 
tests and quantitation assays. (Most are completed 
within two to four weeks of specimen receipt. ) The assay 
results are teletyped to Calspan. 
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(5) Cals~an checks assav re~ort. In addition to checking the 
assay report for possible aberrations rare), Calspan 
checks for the detection of these possibly 
therapeutically administered drugs: 

diazepam, cocaine, meperidine hydrochloride, codeine, 
morphine, and lidocaine. If found, Calspan contacts the 
site to determine whether the drug was administered to 
the driver prior to death. If so, this is encoded on the 
assay report. 

(6) Site sends coroner/ME re~ort to Cals~an. When the 
coroner's or medical examiner's report is completed, the 
site faxes or mails it to Calspan. This is typically 
about two months after the crash, but it may take up to 
six months. 

( 7 )   state'^^^^ office sends PAR and FARS re~ort to Cals~an. 
From identifying information provided by Calspan, the 
State FARS office locates the PAR and the FARS report on. 
the case. Copies of both reports are sent to Calspan. 
Depending on the State, these reports arrive an average 
of 3 to 4 1/2 months after the crash, and some cases take 
up to 6 months. 

At this point, Calspan has all the field documents for 
the case. In all subsequent steps, the case is processed 
at Calspan. 

(8) Final case eliuibilitv check is made. Referring ta the 
field documents, the case's eligibility is checked on 
each of the sampling criteria. The cause of death and 
time .of death is obtained from the coroner/ME report. 
Confirmation that the victim was a driver and that the 
vehicle type was eligible comes primarily from the FARS 
report. The time of the crash; of the victim's death, 
and the drawing of the blood specimen are used to compute 
the crash-death and death-specimen lag times, which 
pertain to two other criteria. Cases found ineligible at 
this point are removed from the system and filed 
separately. 

As noted in steps 5 and 6 above, coroner/ME reports, 
police reports, and FARS reports typically arrived at 
Calspan months after the crashes to which they pertained. 
Necessarily, determination of case eligibility was 
delayed accordingly. . 

(9)  The data are encoded. Information on the field documents 
is encoded into the study variables and recorded on code 
sheets. While much of this is straightforward, coding of 
driver responsibility and collision type require trained 
coders. 



The data are entered intb an automated database. The . 
data are keypunched and verified. Internal consistency 
checks are made, and any errors are corrected. The cases 
is identified by case number, with no identifying 
information entered into the database. 

Gals~an im~lements identitv~rotection. In this process, 
the hardcopy documents on the case are divided into two 
groups. In the first' are all source documents 
(coroner/= reports, PAR, etc.), from which the case 
identification numbers are obliterated. These are to be 
destroyed. In the second are all code sheets, which 
contain no names or other identifying information. 
Identity protection is now complete. 

the completion of these eleven steps for all cases, the 
data collection task ended. 



Appendix E 
Drug Assay Methodology 

by P. Santinga and Q. Constantino 
American Medical Laboratories, Inc. 

E.1 Specimens 

Approximately 20 mL of whole blood preserved with 0.1% sodium fluoride 
was submitted in glass screw top tubes from the Medical Examiner's 
Off ices participating in this study. A minimum ,of 6 mL was required for 
complete identification of the drugs present with additional volumes 
necessary for quantitation. 

Testing Protocol 

Specimens submitted were screened for alkaline, acid, neutral drugs and 
volatile substances. . RIA was the screening procedure used for 
marijuana, PCP, LSD, cocaine metabolite, opiates, benzodiazepine, and 
amphetamines. This procedure complemented the combined . 
alkaline/acid/neutral drug screen performed by gas chromatography/mass 
spectrometry. All specimens were also analyzed for the presence of 
ethyl alcohol by headspace analysis on a gas chromatograph with a FID 
detector as well as TDx ethanol assay (Abbott Laboratories, Illinois). 

Specimens submitted with a volume of 5 ml or less were tested only by 
the RIA and alcohol procedures. A summary of the substances tested-for, 
the analytical methods used and their sensitivity limits are listed in 
Table E-1. 

E.3 Sample Preparation 

10 mL of the whole blood was transferred to a screw cap polypropylene 
tube and frozen, then thawed at room temperature to lyse the red blood 
cells in order to provide a uniform matrix. The thawed specimen was 
centrifuged at 10,00O/g for 10 minutes and 3 aliquots were prepared. 
One mL was required for the RIA screen and alcohol analysis. Four mL 
was then aliquoted for the alkaline/acid/neutral drug screen by GC-MS. 
Sample preparation, extraction methods and instrument conditions are 
detailed in Tables E-2 through E-7. 

E.4 RIA Screening 

The Roche Abuscreen Radioimmunoassay was employed for the initial 
screening of opiates, cocaine metabolite (benzoylecgonine) marijuana 
metabolite (11-nor-9-carboxy tetrahydrocannabinol), amphetamine, 
methamphetamine, phencyclidine and the benzodiazepines. 

Diagnostic Products' Coat-A-Coune assay for LSD was also used. 
Manufacturers recommended procedures were followed for each. 
Modifications were made to the quality control material such that the 
reference standard was at the sensitivity limit described in Table E-1 
and the positive control was concentrated at twice the sensitivity. A 
drug free control was also analyzed. 



The. THC' procedure required a preliminary treatment of the blood to 
optimize recovery. 

In this treatment, to 100 mcL of sample was added 100 mcL of cold 
(-10'C) acetonitrile in a microcentrifuge tube and vortex mixed. 
Optimal recovery was achieved when the acetonitrile was added slowly to 
the already vortexing specimen. The mixture was centrifuged at high 
speed for 5 minutes and 100 mcL of the supernatant was removed and 
placed in a polystyrene tube. 

This tube was placed in a wafer bath at 40.C and evaporated under a 
stream of nitrogen (approximately 5 minutes). . The kits' reagents were 
added directly to the residue. The manufacturer's protocol was followed 
from this point in the'assay. 

E.S GC/MS Screen 

A solid phase extraction using Worldwide Monitoring Corporation Clean 
Scree* extraction columns (ZCDAU020) was used to extract the acid, 
basic and neutral drugs which were included in this study. 

To prepare the sample 6 ml of 100 mM sodium monobasic phosphate buf.fer 
adjusted.to pH 5.5 with concentrated sodium hydroxide was added to 4 ml 
of the whole blood sample. 100 mcl of internal standard (Proadifen SKF 
525A, 10 mcg/ml) was also added. The sample was centrifuged before 
applying to the column. 

The column was prepared by aspirating 3 ml methanol, followed by 3 ml of 
deionized water using a vacuum-extraction apparatus. 

The sample was applied to the column and aspirated at a rate of 1 to 2 
ml per minute. The vacuum did not exceed 5-7 inches Hg. The column was , 
washed by adding 2.0 ml of 0.1 M phosphate buffer followed by 0.5 ml of 
1.0 N Acetic Acid. The column was then dried for 5 minutes under full 
vacuum of 15-20 I' Hg. 1.0 ml hexane was added to the column, which was 
then aspirated. 

The vacuum apparatus was prepared to collect the acid and neutral drug 
fraction. The acidic and neutral drugs were eluted by the addition of 
4 ml of Methylene Chloride. The eluant was set aside to be added to the 
basic drug fraction later. The column was washed with 3 ml .methanol 
before collecting the basic drug fraction. The basic drug eluant was 
prepared fresh by mixing 80 parts Methylene Chloride, 20 parts 
Isopropanol to 2 parts concentrated Ammonium Hydroxide. A 6.ml portion 
was addedsto the column and collected. The two eluants were combined in 
a conical centrifuge tube and evaporated to dryness under a stream of 
nitrogen in a 40'C water bath. 

The extract was prepared for the GC/MS by adding 50 mcl 909 Ethanol and 
500 mcl of Hexane. After vortexing and centrifuging, 2 mcl of the lower 
ethanol layer were injected into the GC/MS in the scan mode. Ion masses 
in the range of 40-450 amu were scanned. A drug and metabolite library 
search of all peaks was made along with a search of all base peaks of 
the drugs listed in Table E-1 at appropriate retention times. A summary 
of the GC/MS parameters can be 'found in Table E-2 and E-3. 



E.6 Quality Control 

The GC/MS screen used selective drugs at the sensitivity levels for the 
drug classes as the positive control; for example, amitriptyline 
representing the antidepressants, butalbital representing the 
barbiturates, etc. (See Table E - 8 ) .  An internal standard was used in 
all extractions to insure individual extraction recoveries. Also a 
GC/MS verified negative blood control was used. 

* The Confinnation/Quantitation procedures used a high, low and negative 
control in most procedures. MultiShewhart Rules were used as acceptance 
criteria for the quality control. See Table E-8 for a complete list of 
quality control materials. 



Table El 
Substances to be h y e d  for, and Tests to be Used and their SensMvWs: for 

.Complete Assay' Specimens 

Ucehol (eumol) 
Hallucinogens 

O T H C  
carboxy THC (metabolite) 
Phencyclidine 
LSD 

Benzodiipim Tranquiliters 
Diepam 
Nordipam (dim. metab.) 
brarepam 
nurazeparn 
DawthyMunuepam (fluraz mstab.) 
w=Jlam 
-Pam 
Chlardistepoxide 
Desmethylchlordmepox~de 

(chlordier. me&&.) 
Barbiratesedatives 

Phenobarbital 
Secobarbia 

Butalbital 
PentobarbiEal 
Amobarbiil 

CNS Stimulants 
Cocaine 
Benzoylecgonine (cocaine metab.) 
Amphetamine 
Methamphetamine 
Cafft3ine 

Non-barbiturate sedatives 
Ethchlorvynol 
Methaqualone ' 

Meprobamate 
Antihistamines 

Diphenhydramine 
Chbrpheniramine 

Amidepmmts 
Amiiptytine 
Norbiptyline (amitrip. metab.) 
lmipramine 

. Desipramine (imipramine metab.) 
Doxapine 
Desmethylidoxapine (don metab.) 
nwxetine 
Nom~xerine 

Narcotic Analgesics 
Meperidine 
Methadone 
Propoxyphene 
~ r p r o p o W n e  

@ropon metab.) 
-Y-done 
Codeine 
Morphii 
Heroin 

0.005% wrv 

RIA. 
RIA 
RIA 
RIA 

100 nglml OC/ECD 
100 ngtml GCECD 
50 nglml GC/ECD 
50 ngld GC/ECD 
50 nglml GCECD 
SO nglml GClECO 
25 nglml OCECD 
50 nglml HPLC 
SO ngla HPLC 

100 ng/ml 
100 ng/d 
. 5 nglml 
20 ng/ml 
20 ngiml 
5 nglml 

20 ngtml 
loonglml 
1 W Wml 

GC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 

lo00 nglml GC-MS 
lo00 ng/ml GC-MS 
lo00 nglml GC-MS 
lo00nglml GC-MS 
lo00 ngtml GC-MS 
1- M GC-MS 

100 nglml 
100 nglml 
100nglml 
100 nghnl 
100 nglml 
100 nglml 

RIqGC-MS 
RlA/GC-MS 

RIA 
RIA 

GC-MS 

50 nglml GC-MS 
50 W m  GC-MS 
SO nglml GC-MS 

150nglml ' GC-MS 
20,0oOWm! , HPLC 

8p.cboe)pbnnby 
GC-MS 
GC-MS 

50 ng/ml GC-MS 
SO ng/ml GC-MS 

lo00r@ml S w  

GC-MS 
GC-MS 

50 nglml GC-MS 
50 r@ml GC-MS 

SO nglml 
SO nglml 

OC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 
GC-MS 

HF'LC 
HPLC 
HPU: 
HPLC . 
HPLC 
HPLC 
HPLC 
HPLC 

OC-MS 
GC-MS 
GC-MS 
GC-MS 

SO nglml GC-MS 
100 ng/ml GC-MS 
50r@ml . GC-MS 
50 W'nJ GC-MS 

GC-MS . 
w - M S  

RIA 
RIA 

50 nglml GC-MS 
50 nglml .GC-MS 
SO nglml GC-MS 
50 nglml GC-MS 



Table El continued' 

Scrsening Test Confirmation/Quantitation Test 
Test used SensiUvity Test Used Sensibvity 

GCMS 100 ng/ml HPLC 10 nsFml 
GclMS 100 ngtml HPLC 10 nglml 
G W S  $00 ng/ml HPLC lo Wml 

OC/MS 500nglml lmmunoessay l o 0  Wml 
Gc/MS 500 nglml lmmunoassay 500 nglml 
GCMS 500ng/ml lmmumassay so0 ng/ml 

GclMS 100 nglml lmmunoassay 200 nglml 
OC/MS 200 ng/ml HPLC l o 0  ng/ml 

GclMS 50 nglml HPLC lo nglml 



- Table E2 
GC/MS Qualitative and ~uantitabve Procedures 

-0MaPhh.. M u a o p r o p b n i e  
-(M=i=w-. 
Muck 6 Co., NJ.. 

em4 ~ . g b  
Ch.micd. Mabn Grcnm. I4 

(# MD-3452 MD-5455) ( W W  
1 m 9 m  (= md) 

Wid Phm~, -(DS)-. BSTFAdlh l%TMCSPin# 
Cdunn: 200 mg Ct*w B a w y k @ m  Sigma ChmicdChmicd Compnny Fbckfud. IL 
sel..nWoc#wid. Ca. St W, MO (K-8162. (#129S/) 
Moniaatng Cap. Hanhm, #B-(K#1) 
PA (ZSDAU020) s ~ ( a o o m d )  



Table E3 
lons Monitored GCfMS Procedures 

GC/MS Screen I 40-100 1 86.1 

Quantitation 
Ion 

codeine 445.2 1 282.2 446.2 

Ions 
Monitored 

Morphine: 41 4.2 

ISTD Ion 

577.2 430.2 

Amphetamine: 294-1 
Methamphetamine 308.1 

248.1 266.1 
280.1 262.1 

Cocaine: 182.1 
Benzoylecg onine 240.1 

272.1 303.1 
346.1 361.1 

Amobarbital 169.1 1 84.1 
Butbarbital 169.1 
Butalbital 181.1 
Pentobarbital 169.1 
Phenobarbital 175.1 
Secobarbital 181.1 

Propoxyp hene 58.1 
Norpropoxyphene 44.1 

184.1 
196.1 
184.1 
232.1 
196.1 

Phencyclidine 200.1 
Methadone 72.1 
Meperidine 71.1 . 
Diphenhydramine 58.1 
Chlorpheniramine 203.1 
Oxycodone 303.1 

234.1 
86.1 

186.1 242.1 
165.1 
247.1 
165.1 
165.1 
196.1 

86.1 



TABLE E4 
GC PARAMETERS 

ASSAY INJECTION 
PORT Ca. 

Amphetamines' 

Cocaine1 250 

Alkaline Drugs1 1 I 2 m  

I ease, Neutral I 
Screen (Qual.) 

Benzodiazepine 250 

TEMP 

lInstrument/column: HP 56900C with 59708 MSDl125 meter HP-5 

Ynstrumentlwlumn:. HP Headspaca autosampler, Shumadzu Mini-2 GC/5% Carbowax 20M 
on 60180 Carbopak 6X 114' O.D. X 4 MM 1.D. 

'InstrumenUwlumn: HP 5880 GC/ECD/Rt-50 (50% methyl-50% Phenylpoiysiloxane) 
15 meters x 0.25 mm ID X 0.25 film thickness 



HPLC Quantitative Procedures - TABLE €5 

Erlr actlon lntuml Standard 
Concma t lm 
(amount used) 

Mobit. Phase Wumn 

mm11 CyanopropyC 6 nmn 
Ace&mlklla:M.thand 25cm(U9S25) . 
(0.3296 Heplane Zubux 
Sulphonk: Acld/O.2% (#8MB52-705) 
Acda Add) pH 5.8 Chadde Fad, PA 

w i 1  Cyanopopy! s mcm 
Acdon)tllo:M&nnd 25 cm (#9525) 
(0.32% Haptam Zubm 
Sulphonk Ac)dlD.2% (#880952-705) 
Acetic Acfd) pH 8.8 Mac -Mod Analytlcrrl 

Chadds Ford, PA 

21 11 4m. NOVA- PAK C18 
Ac.d#rhM:Mdmnd: Watm (M8344) 
p.08 M M- Milford, MA 
Sulphorrlc Acld W mM 
Trkthylamkn) pH 26 
wnh ION 

Watus bbment Co. 
U.V. D*br 251 Mn 

Mllfard, MA 
1.5 m l M  

W d u r  Imhmmt Co, 
U.V. Debckn 254 nm 
M k d ,  MA 
1 b m l M  

Wataa Irwtmwt Ca, 
U.V. Delectm 254 mn 
MHfad. MA 
1 .S mllmkr 

W a t m  Inatmen4 Co. 
U.V. Oasctar 2s m 
Maford, MA 
1 -5 mllmln 



HPLC Quantitative Procedures - TABLE â‚ Continued 

Blb!mb 
Caffeine 

Extraction Intaml Standard Mobma Phaw Column lmfrumÃ§nt/Wavl<mgth/F1o 
ConcÃ§nfratlo 
(amount used) 

wid Phaaa, ErgotarnIm Tartrattt 35/65/08. Cyanopropyl5 mcm W a t w  kwtumwit Co. 
Column: Jet Tubes Alltech- Appied Science AcetonlÃ l̂le:2 AceBc 25 ern (#WS) Fluormfr Detector 
Harlln Associates State Cdlega. PA Acid: Heptan* Zubax Excitation w a v l m  - 227 nm 
MÃ̂ 1805 Sutphortc Acid pH 5.8 (iC880952-705) EmfÃ‘lo Fitter 280 nm 
Glbsonia, PA Mac - Mod Analytical MHford. MA 

Chadda Ford. PA 1.5 ml/h*i 



TABLE â‚ 
Solid Phase Extraction GCMS 

f t d w e  Sample 8 b  8amplm Reparation Column Preparation Column WaÃ§ Sample W o n  

- .  
Add. Bask and nÃ‡A 4 ml 9 ml0.1M phosphate buffer 

Adjust pH to 6.0 with 
phosphate buffer 

3minwttWM 
3 ml Dl water 
- : 
3 ml Dl water 

3mlO.lMphosphatebuffer 0.5mlHexane 
pask Drugs 
3dMfiuianol 

Qems 
1. Morphine 
2. codah 

4 ml0.1M phosphate buffer 
AdjM pH to 6.0 wtth 
phoephato buffer 

3mlrrftfiftnof SmIDlwatar 
3 ml Dl water 3 d  1.0NactatebufferpH9.5 
3mlO.lMphosphatebuffi 3mtme1hand 

6 ml Mcttiylerw Chloride 
faoproponol- 
hycboxfda (78:20:2) 

4mlO.lMphcMphotobufhr 
MJUd pH lo 8.0 Wtul 
phoflphate buffer 

S d m  3 irri 01 water 
3ml~iwater 3n41.ONaceticadd 
3 ml0.1 M phoophato buffw 0.5 ml Hexane 

4 ml0.1M phosphate buffo- 
Adjust pH to 6.0 with 
phoephat*buffer 

4 ml0.1M phosphate buffer 
Adjust pH to 6.0 wfth 
phosphate buffer 

3mliTÃ‘thano 3 d 01 water 
3ml01water 3 ml0.1N HCI 
3mlO.lMphosphatebuffer 3mlMethanof 

6 nri Mothyierm Chloride 
1sopropanot-h 
hyckoxtda (78:20:2) 



TABLE E7 
HPLC Extractions 

Sample Size Column Prap Sample Button. Bock Exfetlon 

2ml bkarbonate buftw pH 10.5 

2 ml bicarbonate buffer pH 10.5 

2 ml bicarbom te buffer pH 10.5 

2 ml bicarbonate butter pH 10.5 

2 ml bicarbonate pH 10.8 

2 ml bicarbonate buffi pH 10.5 

2 ml bicarbonate buflw pH.IO.8 

2 ml blorbonate butter pH 10.8 

2 ml bicarbonate buffer pH 10.8 

2 ml bicarbonate buffer pH 10.5 

24 ml H~xarr:lÃ§oafny alcohol (99/1) 

24 ml Homne:fÂ¥oomy afcoho) (89/1) 

24 ml Hexarw:tMamy! alcohol (9911) 

24 ml HÃ§xanÃ§:hmm alcohol (99f1) 

24 ml HÃ§xanÃ§:oam alcohol (9911 ) 

24 ml Hexur:lK)Ã§ny alcohol (9911) 

24 ml Hoxuw:lÃ§oÃ§n alcohol (9911) 

24 ml HÃ§xarw:tewmy alcohol (9911) 

24 ml HÃ§xanÃ§:looam alcohol (99/1) 

24 ml Hexarc:lwÃ§ny alcohol (99/1) 

2 ml bicarbonate buffer pH 10.5 24 ml Hexan~:lÃ§oamy afcohoJ (99/1) 400 ml Â¥tfunolP.OI HaSO, 

2 ml bicarbonate butter pH 10.5 24 mt Hexam:lwamy) dcohoJ (99/1) 400 ml thanoW.tMN H,SO, 

2 ml blcarbomb buHÃ pH 10.5 24 ml h x a i ~ :  teQBmy1 alcohol (99/1) WO ml ttanol/O.OlN !&SO, 

lmlirrthfinol 
1 ml Dl water 

2 ml bicarbonate buffer pH 10.5 18 ml HomWÃ§tfiy acriato/teopropen  ̂ 300 md 0.01N Hf30, 
teoarny alcohol 
65:35:5: 1 



Z d-@-Cttooxy THC 

+ - 

TABLE â‚ 
LiquidfLiquid Extractions 

200 md cold wthanol 



TABLE E9 

QUALITY CONTROL QUANTITATIVE ASSAYS 
Procedure - Low 

3. I lmipramine 
4.1 Desipramine I 100 ng/ml 1 400 ng/ml A 

Hallucinoaens 
[ LSD I 0.8 nard I N/A 1 

5. 
6. 

Stimulants 
[ Caffeine I 10,00Ong/nil I ' N/A 1 

O~iates 
1. I Morphine 1 100 ng/ml 1 300 ng/ml 
2.1 Codeine I 100 nalml 1 30Onalml 

,7. CyElobemprine 100 ng/ml 400 ng/ml 

Doxepin 
Desmethyl Doxepine (doxepin metabolite) 

100 ngk l  
100 ng/ml 

A m  hetarnines 

400 ng/ml 
400 ng/ml 

1. I Amphetamine 
2.1 Methamphetamine 

Cocaine 
1. 
2. 

100 ng/ml 
100 ng/ml 

600 ng/ml 
600 ngiml 

Codme 
Benzoylecgonine 

100 ng/ml I 200 
100 ng/ml I 200 



TABLE E9 Continued 

Procedure 

Marijuana 

GCMS SCREEN 
ACID. BASIC AND NEUTRAL 
DRUGS (QUALITATIVE) 

I. 
2. 

Barbiturates 

Delta-9-THC 1 2 ng/ml 1 5 ndmi 
Carboxy D-9-THC 1 10 ng/ml 1 20 ng/ml 

1 Cocaine 1 50 nglml 1 200 ng/ml 1 

2,000 ng/ml 

Low High 

I Chlorphyeniramine 1 50 nglml 1 200 nglml 1 

500 ng/ml 

1. 
2. 
3. 
4. 
5. 
6. 

Butalbital 
Nordiazepam 

Meperidine 1 50 nglml 1 200 ngfrnl 
Methamphetamine 1 100 nglml 1 200 ng/ml. 

Amobarbital 
Butabarbital 
Butalbltal 
.Pentobarbital 
Phenobarbital 
Secobarbital 

1,000 nglml 1 2.000 ng/ml 
100 ngtrnl 1 200 ng/ml 

- - I Amitriptyline 1 50 nglml 1 200 ng/rnll 
1 Codeine 1 100 ng/ml 1 200 nglml 1 



Appendix F 
Quality Check Procedure for Blood Assays 

Formal quality control of the assay procedures was carried out 
by American Medical Laboratories' (AML) internal quality control, 
as described in Appendix E. For this project, quality checks 
independent of AML were also made. The purposes of these checks 
were twofold: (1) to evaluate AMLts success in detecting drugs of 
interest to the project; and (2) to assess AML's ability to 
accurately determine the drug concentrations. To keep the expense 
of these evaluations to a moderate level, only selected drugs of 
most interest were included. 

The quality checks ultimately were implemented through two 
stages. Originally, the plan called for shipment to AML of test 
specimens, disguised as regular study specimens. These test 
specimens consisted of human blood spiked with prespecified 
concentrations of the selected drugs. The specimens were prepared 
by the Quality Service Assurance Corporation (QSAC) of Augusta, 
Georgia. After introduction of this procedure, however, we learned 
that spiking could not be done with great precision in the drug 
concentrations, hence it was not possible to adequately assess 
AML's reports in that regard. Consequently, a new stage of quality 
checking was introduced. In this second stage, the spiked test 
specimens were independently assayed by another independent 
laboratory, the Chemical Toxicological Institute (CTI) of Foster 
City, California. The assay results from AML and CTI were then 
compared. 

The sections below describe the outcomes in the two stages. 

F.1 Stage 1 

It was specified in the project s study design that forty test 
specimens were to be prepared by an independent laboratory and 
.submitted to AML for analysis. Six drugs (in varying combinations 
and concentrations) were included in the spiked samples: ethanol, 
cocaine, carboxy-THC (a cannabis metabolite), diazepam, 
benzoylecgonine (a cocaine metabolite), and phencyclidine. In the 
first three months of the project's data collection phase, twenty 
of the forty test specimens were prepared and then sent to AML via 
the Wisconsin study site. Once in Wisconsin, the samples were 
given Wisconsin case numbers and labels, and shipped in the normal 
shipping boxes to AML. 

The samples were prepared in lots of five specimens, in which 
each of the five samples were to be identical. To check on AML's 
capabilities to detect weak concentrations, spiking was at trace 
levels, i. e. just above the detection thresholds, in half of the 
cases. To test AML's variance in measuring concentrations, spiking 
was at an intermediate concentration for the other half. 

The results of this first stage of the quality control 
operation are presented in Table F-1. All of the spiked substances 
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were correctly identified, i.e., there were'no false negatives. 
There were false positives however, in the speoimens spiked with 
benzoylecgonine and phencyclidine. In three of these specimems, 
Am, detected cocaine, a result of the assay process converting 
benzoylecgonine into cocaine (upon notification of this problem, 
Am, took steps to correct this). Also, ethanol was detected in 
eight of the specimens spiked with benzoylecgonine and 
phencyclidine; in these cases however, AML was correct, because 
ethanol was in the solvent necessary for spiking with 
benzoylecgonine. 

Regarding the issue of quantification, Table F-1 indicates 
that there were significant deviations of the mean concentrations 
from the intended concentrations of the test specimens. This 
problem was investigated, and it was determined that there were two 
important factors involved. One problem was the lack of a 
foolproof method of preparing test samples to precise 
specifications (i.e. it is difficult to spike the samples so that 
they contain exactly the intended amount of the substances). The 
second problem is a lack of information on how the substances break 
down (decay) over time. All of the samples were prepared at the 
same time and then shipped to the Wisconsin site over a period of 
eight weeks. It is possible that the concentrations declined over 
time due to this decay. 

F.2 Stage 2 

To deal with the problems encountered in the first quality 
control procedure, we revised our plan to include a third 
laboratory in the process. The Chemical Toxicological Institute 
(CTI) was chosen to assist in the quality control operations. 

A total of thirty-three more test specimens were prepared by 
Quality Service Assurance Corporation. To ensure that the blood 
supply itself was not contaminated, the first specimen was 
substance-free (no drugs were added to the blood). This sample was 
sent to CTI for analysis and the results showed the blood supply to 
be clean. The other thirty-three specimens were prepared in four 
separate lots (eight in each lot), with five of the samples sent 
to AML and three sent to CTI. The samples were frozen prior to 
shipment to CTI and the Wisconsin site, and were sent from.Quality 
Service Assurance Corporation using cold packs. Both of these 
steps were taken to reduce the possibility of decay. 

The drug combinations, intended concentrations, positive 
detections, and reported concentrations by the laboratories are 
presented in Table F-2. The results were very satisfactory. AML 
identified all spiked substances except in one instance when spiked 
phencyclidine was found by AML at a level below their sensitivity 
limit, when they properly reported the substance as not detected. 
Interestingly, AML was always able to detect the carboxy-THC, while . 
the confirmation laboratory was not. The variances in AML's 
reported concentrations also appeared satisfactory in all cases 
except with a series of diazepam concentrations, where the 
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-.. 
variability seemed excessive. The situation was improved when AML 
switched from gas chromatography to liquid chromatography, but the . 
variances in their readings also seemed due in part to an actual 
deterioration of the concentrations of diazepam in the series of 
spiked specimens. 
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CRASH RESPONSIBILITY RATING 

This manual tells you how to rate driver crash responsibility, 
using accident reports and a rating scale. In rating a driver's 
responsibility for a crash, you will answer the question: To what 
extent is this crash due to the driver?. A driver is Hresponsiblew 
for a crash when something she/he did or did not do helped to cause 
the crash. Examples of crash-causing driver actions or inactions 
are the following: 

o The driver lost control of his/her vehicle. 

o The driver failed to perceive something, such as a 
stop sign. 

o The driver misjudged something, such as the speed of 
an approaching vehicle. 

o The driver went through a red traffic signal. 

It is very .important that you understand that in rating 
responsibility, you are not judging fault, guilt, blame-worthiness, 
culpability, or making any other moral or -legal attribution of 
wrongdoing. To clarify the difference between responsibility and 
the other concepts, consider a crash in which the driver had a 
heart attack, and his vehicle went off the road into a tree. In 
this case, the driver was wresponsiblen for the crash (he lost 
control of the vehicle), but you probably would not consider the 
driver to be at fault. Of course, sometimes a driver may be 
responsible for a crash and legally at fault too, but basically 
the concepts are different, and you must concentrate on 
understanding responsibility as it is defined here. 

The scale you will use was developed from earlier versions 
(Perchonok, 1978, Terhune 1983) . It is shown in Table G-1. In 
rating responsibility with this scale, you basically judge whether 
the driver was fully responsible for the accident, contributory to 
the accident, or not at all responsible. Because information on a 
crash may sometimes be inexact or ambiguous, you are also allowed 
to specify "responsible or contributoryw or ncontributory or 
neitherw. Thus, in rating a driver's responsibility, you have a 
choice among five responses, which makes the scale a 5-point 
scale. 



Table G-1 . 

The Scale of Crash Responsibility 

Responsible -- Actions of the subject driver-vehicle created 
the critical situation. 

Responsible/contributory -- Driver had some responsibility, 
but it is not clear -whether he was responsible or 
contributory. 

Contributory -- Another vehicle or agent created the critical 
situation, but the subject driver could have avoided the crash 
by a normal evasive maneuver or by driving defensively or by 
giving a warning signal (e.g., horn, flashers) 

~ontributory/neither -- At most, the driver's responsibility 
was only contributory. 

Neither responsible nor contributory -- Driver had no 
responsibility for the accident. 

Unknown -- . Inf onnation is insufficient for rating 
responsibility.. Score this when choice is between full 
responsibility and none. Use rarely. 

Definitions 

Agent -- The precipitator, animate or inanimate, of an event; may 
be another vehicle, a person (e. g. , pedestrian) , an animal, or 
a natural phenomenon such as a tree falling on the road. 

Critical situation -- A condition in which a crash is imminent, 
though it may still be avoidable. (Note: Lack of defensive 
driving does not in itself define a critical situation.) 

Defensive driving -- Driving so as to minimize chances of a 
critical situation developing. Consists of maintaining 
alertness, anticipatingpossiblehazards, takingprecautionary 
actions. Examples are: sounding one's horn when a vehicle 
encroaches on one's travel lane; slowing and watching for 
crossing vehicles at a yellow blinker light; slowing when a 
pedestrian appears.about to cross the street. 



DRIVER RESPONSIBILITY t - 
CLARIFICATION OF ITS MEANING 

- s 
By nresponsibilityw we mean that the driver's behavior was a 

causal factor in the the accident; the behavior includes what the 
driver did do and did not do, e , responsibility can be the 
result of an action taken or not taken, a perception made or not 
made. A driver will be responsible as the result of any influence 
ninternaln to the driver, e . ,  a physical or mental event or 
condition. Examples are a perception, a heart attack, fainting, 
anger, excitement, and a judgment. 

Note .that our working use of the responsibility: concept, by ' 

excluding culpability, blame, and similar considerations, also 
omits considerations of motivation and intent. You are not to 
judge whether the driver was deliberatelv risk-taking or showing 
careless disregard of safety. While such driver attitudes may have 
influenced the behavior causing the accident, it is the behavior 
and not the underlying attitude that makes the driver responsible. 

It may help you to think of the driver as an organism or 
mechanism in the human-machine system comprising the driver and the 
vehicle. If a crash occurred because the driver-mechanism failed 
to perform as it's supposed to, then the driver-mechanism is 
responsible for the crash. To function safely, the 

- driver-mechanism must~follow certainrules or.programs, represented 
by traffic laws, "rules of the roadn specified in state driver 
manuals, and safe-drivhg practices taught in driver education. 
The responsibility coder should have a sohd understanding of these 
safe-driving rules, for it is a driver's deviation from the rules 
which make him/her responsible for an accident. 

The Driver vs. External Aaents 

Responsibility for a crash is divided among the driver you are . 
rating (the subject driver) and all other agents nexternalH to the 
driver. The external agents may include: 

o other driver-vehicles 
o other occupants of the subject driver's vehicle 
o the subject driver's own vehicle 
o features of the roadway environment 
o pedestrians 
o animals ' 

In judging the responsibility of the subject driver, you 
consider how much responsibility is shared by external agents. 
Clearly, if an external agent is primarily responsible for the 
crash, the subject driver can at most be considered Hcontributory.n 
Usually, the role of an external agent is easily determined, but . 
occasionally fine distinctions have to be made. For example, if a 
driver crashed when a painful bee sting caused a sudden disruption 
of vision, little or no driver responsibility would be assigned, 



because the bee was an external agent. If, on the other hand, the 
driver crashed because a sudden illness caused a loss of vision, 
the driver would be assigned full responsibility, because the 
influence was "internal8' to the driver and not nexternal.tt Fine 
distinctions will also have to be made when there are distractions 
to the driver, such as children inside the car. If the driver 
allows herself/himself to be distracted, then the driver must be 
assigned responsibility for a resulting crash. If the distraction 
was so intrusive that the driver could not ignore it, then the 
driver may bear little or no responsibility for the crash. You 
will have to make a judgment in the individual case. 

Res~onsibilitv Throuuh Com~ensation Failure 

As you know, weather conditions, traffic volume, and other 
environmental circumstances can make driving more hazardous. For 
a crash in such circumstances, however, you should not 
automatically reduce the driver's responsibility rating because of 
these "external agents. " The driver s internal "programw should 
tell the driver to compensate for conditions, such as by slowing 
down and increasing alertness. Two important considerations here 
are (a) foreknowledue and (b) normal ~recautions. .For a driver to 
be judged responsible through compensation failure,. we must assume 
he/she had foreknowledge of the conditions, yet failed to take 
normal precautions. Such assumptions must have reasonable grounds, 
egg., an icy road must be readily visible, or a deer-crossing area 
must be clearly posted. Sometimes, however, a driver may have no 
foreknowledge of a.road hazard, as in the following examples: 

o an isolated icy patch 
o a rock that tumbled into the road 
o a deer darting into the road where there are no 

deer-crossing signs 
o a sudden snow-squall obscuring vision 

In such cases, the driver will have little or ho 
responsibility for a crash that occurs. The coder will have to 
evaluate the circumstances in the individual case. 



BOW TO RATE.CRASB RESPONSIBILITY 

In order to rate a driver on his/her crash responsibility, you 
first need to learn what happened in the crash, and then you have 
to judge why it happened on the basis of the facts in the crash 
file. In order to do this, you will find it best to examine the 
following documents, if present in the case file, in the order 
shown : 

o scene diaaram' - This will provide a bird's eye view of the 
accident, and it may indicate the sequence of events during 
the crash. 

o police narrative - Since the reporting officer was at the 
scene, and may have interviewed witnesses of the crash, 
this may be four best objective description of how the 
crash happened and why. 

o witness reports - If present in the crash file, witness 
reports can provide useful evidence on what happened and 
perhaps even why. Witnesses are fallible, of course, but 
they can providevaluable corroboration (or noncorrobation) 
of details from other sources. Unfortunately, witnesses 
are not present in many crashes. Sometimes a police report 
will merely report the presence of witnesses without 
actually providing their statements. In these cases, 
.you'll have to assume that the police narrative topk into 
account the witness reports. 

o driver interviews - If there are interviews of one or more 
of the drivers in the crash, these can provide the only 
source of what the driver(s) was actually doing before and 
during the crash. You need to be .cautious here, for 
drivers in the crash may provide a biased interpretation of 
the events. 

pules of Thumb for Res~onsibilitv Ratinq 

The next section will provide guidance for rating 
responsibility in particular crash situations, but there are a few 
general ales of thumb which you should keep in mind while rating 
responsibility. These are as follows: 

(1) When you have information on what the driver did, take 
that into account in rating the driver's responsibility. 
If you do not have information what the driver did, rate 
the driver's responsibility on the basis of the vehicle's 
actions leading to the crash. (For example, it is often 
possible to assign responsibility when knowing a vehicle 
went through a red light or stop-sign.) This rule will . 

often be useful in rating the responsibility of fatally 
injured drivers. 



( 2 )  Do not assume that a driver must be able to handle every 
situation; an external agent may assume part or all of 
the responsbility for a.crash. 

(3) If a driver attributes crash responsibility to an 
external agent, do not accept the driver's report unless 
there is supporting evidence, such as a witness report. 

(4) Try to avoid biasing assumptions about crash 
responsibility on the basis of what you learn about the 
driver's age, gender, driving experience, vehicle type, 
or even alcohol use. Code strictly'on the basis of the 
driver's and/or vehicle's actions. 

(5) Give special attention to witness reports, including 
police mention that there was a witness. These add 
credibility to the police account of the crash, even if 
the officer does not actually cite the witness's 
statement. 

Guidelines for S~ecific Situations 

Crash patterns which occur commonly are described here. While 
you may expect to assign responsibility generally as suggested 
here, there can be exceptions. 

Sinale-driver accidents. In single-vehicle crashes, -and 
crashes of a vehicle with a parked vehicle, you should assume that 
the driver was fully responsible for the crash, unless an external 
agent assumed some or all of the responsibility. For example, if 
the subject driver lost control of his/her vehicle while trying to 
avoid a crash with another, the o.ther vehicle may bear some of the 
responsibility for the crash. Other external agents may be 
pedestrians, animals, the driver's own vehicle (i f it failed in 
some way), or an environmental factor. Caution: when there is no 
evidence of the presence of an external agent except the driver's 
own report, do not accept the driver's report as credible 'unless 
there is plausible, substantiating detail in the driver's story. 
Generally, the driver's report should have some corroborating 
evidence, such as witness reports, a dead animal at the roadside, 
a vehicle part left at the scene. 

&eft-turn accidents. A fairly common accident is m e  where a 
vehicle making a left turn collides with another vehicle on the 
same road coming in the opposite direction. Typically, the 
left-turning vehicle cuts across the path of the oncoming vehicle 
and is struck by it. The 'driver of the turning vehicle is usually 
judged responsible, because a left-turning vehicle is required to 
yield the right-of-way to oncoming vehicles before completing the 
turn. 

pear-end crashes. A driver is generally held responsible when 
his/her vehicle runs into the rear of a vehicle ahead on the same 
road, for drivers are expected to be vigilant in observing traffic 



ahead, and maintain enough distance behind. other vehicles to be 
able to stop safely should the vehicle ahead stop suddenly. An 
exception to this general rule would the case where the vehicle 
run into was stopped in the road, without lights, in darkness. 

Head-on crashes. Generally, responsibility in head-on crashes 
is given to the driver of the vehicle which crossed the road 
centerline. If the collision occurred right on the centerline, or 
if it is unclear which vehicle crossed the centerline, each driver 
-is considered contributory. 

S~OP-sicm accidents. In intersection collisions where one 
vehicle had a stop-sigq (or yield-sign) and the other did not, the 
driver-vehicle with the stop-sign is generally assigned 
responsibility for not yielding the right-of-way to the vehicle on 
the through-street. In the case of intersections with stop-signs 
on all approaches, the vehicle reaching the intersection first has . 
the right-of-way. When two vehicles reach an intersection at the 
same time, the vehicle to the right has the right-of-way. 
Responsibility is generally assigned to the vehicle which violated 
the right-of-way of another, but sometimes a driver with the 
right-of-way may be held partially responsible for failing to shpw 
reasonable caution. 

Vehicle mechanical failures. A driver usually is not judged 
responsible if the crash was due to mechanical failure of the 
vehicle. A driver's claim of vehicle failure is not to be 
considered valid, however, without some supporting evidence of the 
failure. This may sometimes be found in the police report of the 
accident. 

Sun glare and other visibility interferences. Drivers in 
accidents occasionally attribute the crash to their being partially 
blinded by sun glare. In these cases, you should first look for 
plausibility of. this claim: use the police-reported time of day, 
weather condition, and direction the driver's vehicle was facing to 
see if they are consistent with the possibility of sun glare. 
Second, determine whether the driver made a reasonable choice of 
action under the circumstances. Similar considerations arise in the 
case of a vision-obscuring downpour. A driver who cannot see 
adequately who chooses to make a turn or change lanes takes a high 
risk, and should be assigned responsibility for any ensuing crash. 
Generally, the driver with a visibility interference should either 
proceed very cautiously or move carefully to the side ofthe road, 
or not move if already stopped. 
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LEARNING TO RATE RESPONSIBILITY 

Learning to rate responsibility consistently with experienced 
coders has been found surprisingly easy. To achieve proficiency, * 

the coder needs to (a) study this manual, and (b) practice rating 
cases, comparing one's own ratings with those of .experienced 
raters. To facilitate practice, descriptions of 50 varied crashes 
are provided in Appendix A. Because of space limitations, these 
cases are not nearly as thorough as the case documents of a 
professional accident investigation, but'rating drivers in these 
cases will provide a valuable initial lesson. 

In our: experience, merely practicing on a diverse set of 50 to 
100 crash cases helps the first-time rater to learn to distinguish. 
the levels of responsibility that drivers experience in actual 
crash situations. It is recommended, consequently, that the rater 
practice on actual police reports or on case records of 
professional accident investigators. It is essential that those 
records include at least a narrative of the crash events, and . 
preferably an accident scene diagram showing the paths and 
positions of the crash vehicles. 



APPIZHDIX 0-1: PRACTICE CASES 

Note: The following narratives are quoted from actual police 
accident reports, with identifying infonnation 
changed. Thk amount of detail provided is typical 
of a police accident report. An in-depth 
investigation (of ten provided in fatal accidents) 
will of course provide more detail. Each case is 
preceded by 4 pieces of infonnation that may be 
helpful in rating the case: number of vehicles 
involved, time of day, weather/road conditions, and 
location description. Record your rating in the 
space provided. Ratings of original coders for 
these cases follow the entire set of 50. 

Leaend: Veh = Vehicle 
Oper = Operator 

1 veh 3:06 AM clear/dry suburban intersection 

1 was southbound on Smith St when (according to skid marks) the 
driver lost control and swenred from the west lane into the east 
lane. The veh crossed the Jones .Ave intersection, swerving back 
into the west lane, then off the road into a retaining fence, 
tearing out approximately 75 feet of the fence before coming to 

. rest across the west lane of Jones Ave south. 
Rating Veh 1 

2) 2 veh 4r30 PM clear/dry urban intersection 

Veh 1 being operated north on Cooper Rd when at Harrison Ave with 
the front end collided against the rear of Veh 2 being operated 
north on Smith. Driver 1 states he looked down and when he looked 
up it was too late. 

Rating Veh 1 

3) 1 veh 4:43 AM clear/dry suburban 2-lane rd 

According to operator of car who related that she was traveling 
north on Perry Ave, "Suddenly a dog ran out in front of me. I 
swerved to avoid the dog and swerved to the right and struck a 
pole. 

Rating Veh 1 

4) 2 veh 12:lO AM clear/dry urban intersection 

Veh 1 being operated in northerly direction on Main St and when at 
the intersection of Stanford Ave, with the front end of veh 
collided with the left side of Veh 2 which had pulled into the path 
of Veh 1 and attempted to negotiate a left turn. 



Rating Veh 1 

5) 2 veh 9:OO PM urban intersection 

Oper of Veh 2 states that while northbound on Ellen St axid 
approaching the intersection at Mary Ave, she did apply her brakes 
and her veh skidded into Mary Ave. Oper of Veh 2 states she was 
attempting to stop for the stop sign. Oper of Veh 1 was westbound 
on Mary Ave at the intersection of Ellen St when Veh 2 skidded into 
his path. Vehicles collided. Veh 2 also hit a house at 123 Mary 
Ave . 

Rating Veh 2 

6) 1 veh . 6:OO PM clear/dry urban intersection 

Veh 1 being operated west on Culpepper Ave, at the intersection 
driver did attempt to avoid a defective barricade and struck a 
light pole. Reflector on barricade defective, nonvisible. 

Rating Veh 1 

7) 2 veh 12~45 PM clear/dry suburban 4-lane rd. 

According to witness who was northbound on Main St ahead of Veh 2, 
Veh 1 was being operated southbound in the northbound lane and 
narrowly missed the witness veh prior to striking Veh 2. Witness 
further stated that.the operator of Veh 1 appeared to be asleep as 
his head was resting against the driver's window and his eyes 
appeared to be closed. Operator of Veh 1 apparently suffered a 
stroke as upon arrival of ambulance he stated that his left side 
was numb. 

Rating Veh 1 

8) 1 veh 3:23 PM raining/icy urban bridge 

Veh 1 eastbound over Johnson Rd on bridge. Driver observed a veh 
ahead of her slow for an accident. She applied her brakes and went 
into a skid on the ice-covered bridge, She lost control and struck 
the guardrail. 

Rating Veh 1 

9) 2 veh 2:15 AM cloudy/dry urban intersection 

Veh 1 being operated in southerly direction when at Jones Ave with 
right front of veh collided with rear of Veh 2 which was parked at 
the curb on Smith St. Owner of Veh 2 was under the vehicle 
attempting repairs. Oper 1 states she did not see Veh 2 (no lights 
or flashers operating on Veh 2). 

Rating Veh 1 



1.0) 1 veh 2:13 AM 'clear/dry suburban intersection . 

Driver 1 stated he was north on Johnson Rd when he fell asleep. 
According to Driver 1, he awoke and found the veh to be at the "Yn 
intersection of Johnson and Peterson Rds. He attempted to drive off 
the grass but lost control. The car slid into the light pole which 
stopped Veh 1. 

Rating Veh 1 

11) 2 veh urban intersection 

Operator of Veh 2 stated that she was southbound on Donovan St and 
was stopped for the red light on Donovan at the intersection of 
Patrick Ave. Operator of Veh .2 stated that while she was stopped, 
her veh was struck in the rear by Veh 1. Operator of Veh 1 stated 
that she was proceeding southbound on Donovan and when she 
attempted to stop, the brakes failed. Officer checked Veh 1; no 
brakes. 

Rating Veh 1 

12) 2 veh urban' intersection 

According to the operator of Veh 2 who was traveling north on 
Connecticut St, he was about to turn left onto Maryland Ave and had 
the green light and it changed to yellow. He said that as he was 
entering the intersection, he observed another southbound motorist - Veh 1 - sliding toward him, so he stopped his veh and was struck 
by Veh 1. Oper of Veh 1 related that he had the green light, 
entered the intersection and Veh 2 made a left turn in front of him 
and did not stop at all. 

Rating Veh 2 

13) 1 veh 1:40 PM rain/wet urban intersection 

Veh 1 was going west on Greer Ave and when at the intersection of 
constitution Ave, the driver in stopping his motorcycle, slipped 
and lost control of it. Driver fell down with cycle and hit the 
pavement. 

Rating Veh 1 

14) 3 veh 3:05 PM cloudy/dry urban 2-lane rd 

Veh 3 stopped at a red light, Veh 2 coming to a stop behind Veh 3. 
Driver of Veh 1 behind Veh 2 was distracted when a cigarette fell 
inside Veh 1. When driver reached down for cigarette, Veh 1 struck 
Veh 2 and then Veh 2 struck Veh 3 causing a chain reaction. 

Rating Veh 1 



15) 1 veh 12:50 AM cloudy/wet urban expressway 

Driver of Veh 1 states that while attempting to exit crossway at 
Peterson Rd, an unknown small vehicle cut in front of her vehicle, 
causing her veh to swerve from the middle lane past the left lane 
stri&fng the guardrail. Veh 1 left the roadway, flipped over 
perpendicular to the roadway and slid eastbound on top of the 
guardrail. While still flipped over on its top, Veh 1 then struck 
and knocked over a light pole and came to a stop. Both the driver 
and the passenger were trapped inside the veh and had to be freed. 
Both witnesses gave accounts of the accident while driving in front 
of Veh 1. Statements supported Driver 1's statements and officer's 
investigation at scene. 

Rating Veh 1 

16) 2 veh 11:05 PM cloudy/dry urban intersection 

Veh 1 going west on Peterson Rd when at the intersection of Johnson 
Ave and with the front end collided with Veh 2 striking the left 
front quarter. Veh 1 then left the roadway and struck a tree on the 
southwest corner. Veh 2 left the roadway and struck a tree on the 
northwest corner. 

Rating Veh 1 

? 17) 2 veh 5:45 PM. cloudy/dry urban 2-lane rd 

Oper of Veh 2 states as she stopped for traffic ahead of her on 
Johnson Ave in the area of Flower Park, she was hit in the rear by 
Veh 1. Oper 1 states she was traveling east in the curb lane in 
this area and passed into the passing lane and as she did, Veh 2 
stopped suddenly. Oper Veh 1 states she attempted to stop but could 
not and hit Veh 2. 

Rating Veh 2 

18) 2 veh 4:05 PM cloudy/wet suburban 2-lane rd 

Veh 1 operating north on Main St when at about 1234 Main, Veh 1 
struck a center median curb causing veh to go out of control and 
collide with Veh 2 also going north on Main. Oper of Veh 1 states 
she didn't observe the median curb sticking out as her passengers 
were distracting her; 

Rating Veh 1 

19) 2 veh 11:39 AM clear/dry suburban intersection 

Oper 1 stated he was driving westbound on Carson Ave when Veh 2 
pulled in front of his veh. Oper 2 stated she was traveling 
eastbound on Carson and began tomake a left turn from Carson onto 
Main St. Oper 2 stated she turned across the eastbound lane of 
Carson and did not observe Veh 1. Witness stated that Veh 2 pulled 



in front of Veh 1, both vehicles struck each other, and Oper 1 was 
.thrown to the pavement. 

Rating Veh 1 
- 

20) 2 veh 1:lO PM clear/dry urban interchange 

Driver 2 stated he was exiting Highway 55 onto Highway 99, stopped 
at the stop sign, and pulled ahead slowly to see if it was clear to 
proceed when Veh 1 struck him from behind. Driver 1 stated he was 
exiting Highway 55 onto Highway 99 and was stopped at the stop sign 
behind Veh 2, and started up when he thought Veh 2 had started, 
colliding with Veh 2. 

Rating Veh 2 

21) 1 veh 3:OO PM clear/dry suburban driveway 

Driver 1 stated that he was backing down his driveway and his veh 
kept stalling. When.the veh made it to the roadway, 'the passenger 
stated that she would hold the gas pedal down with her foot while 
the driver braked and shifted. The passenger hit the gas too hard, 
the driver could not control the veh, and the veh went off the 
road, striking a mailbox and a tree. 

Rating Veh 2 

22) 2 veh 6:35AM - clear/dry suburban intersection 

Driver 1. said .he was .southbound' when Veh 2 made a left turn in 
front of him. Veh 1 left 57 feet of skid marks before striking Veh 
2. Driver 2 said that Veh 1 was driving without lights at a high 

, rate of speed (accident occurred early morning before sunrise). 
This was confirmed by both witnesses. It is a 40 MPH zone. Driver 
2 Is view was obstructed by a slight rise in the road also. Veh 2 
was struck in'the right rear in the middle of southbound lane. 

Rating Veh 2 

23) 2 veh 8:56 PM cloudy/dry suburban curve 

Veh 1 traveling north, failed to negotiate a curve and struck Veh 
2 parked on east side of roadway. Veh 2 unattended and parked off 
highway. Operator of Veh 1 states she did not see curve in roadway. 

Rating Veh 1 

24) 4 veh 2:OO AM cloudy/dry urban 4-lane hwy 

Vehicles 1, 3, and 4 (police vehicles) were westbound chasing Veh 
2, also westbound. Driver 2 attempted to make a left turn and 
Driver 1 hit Veh 2 on the driver's side to stop him. This caused 
Veh 2 to spin around and strike a utility pole. Veh 3 came up . . 
behind Veh 2, and Veh 2 backed up into Veh 3's front end. Driver 2 
was trying to get away. Veh 4 came alongside of Veh 2 and Vehicles 



1, 3, and 4 pinned Veh 2 at the pole. 
Rating Veh 3 

25) 2 veh 1:30 AM clear/dry suburban 4-lane hwy 

Driver 2 stated that Veh 1 crossed into southbound lane. Driver 2 
moved right to avoid collision but Veh 1 kept coming and struck Veh 
2. Witness John Feldman stated he observed Driver 1 slumped over 
the wheel before the collision as if the driver had fallen asleep. 
Driver 1 could not recall what had happened. She was taken to the 
hospital by her father. Veh 1 continued on after impact with Veh 2, 
jumped the curb and took down mail boxes belonging to Jane Shoe. 

Rating Veh 1 

26) 1 veh 6:36 PM cloudy/wet urban 2-lane rd 

Veh 1 was southbound on Faith St when it crossed over the 
northbound lane and struck a tree. The driver does not remember 
what happened prior to the collision. The passenger states that the 
driver tried to avoid a parked vehicle then lost .control of the 
vehicle. 

Rating Veh 1 

27) 2 veh 2:OO PM clear/dry urban intersection 

Veh 1, being operated north on Barbara St, when at Dooley Ave, with 
front of veh did collide with rear of Veh 2, stopped, preparing to 
make an illegal left turn. Oper of Veh 1 states he was watching a 
vehicle to his right and when he looked forward, Veh 2 was there. 

Rating Veh. 2 

,28) 2 veh 3:52 PM clear/dry ' urban intersection 

Veh 1 proceeding northbound in the passing lane on Muldoon St. Veh 
2 westbound entered the intersection of Muldoon St and O'Leary Ave 
in the path of Veh 1. Veh 1 struck Veh 2. Driver 2 failed to yield 
the right-of-way to Driver 1. 

Rating Veh 1 

29) 2 veh urban/parking lot 

Veh 1 southbound in the rear parking lot of the grocery store with 
its front end struck the front end of Veh 2 which was parked. Owner 
of Veh 1 is a witness to the accident and states that the driver 
appeared to have lost control. 

Rating Veh 1 



30) 2veh- 12:48 AM rain/wet urban intersection 

Veh 1 reported to be northbound on Dover St. Veh 2 crossed Dover 
from Michael Ave. .Veh 1 struck Veh 2, Veh 2 was spun around and 
stopped facing south, Veh 1 was pushed onto the center median and 
struck a sign. Driver 2 ejected from vehicle. 

Rating Veh 1 

31) 1 veh 12:14 AM clear/dxy suburban 4-lane hwy 

Veh 1, driving east on Lincoln Ave, left the roadway and struck a 
light pole. Driver of veh stated she and driven a long distance and 
had fallen.asleep at the wheel. 

Rating Veh 1 

32) 2 veh 6:55 PM clear/dry urban intersection 

Veh 1 struck Veh 2 when Driver 1 sped up to make the yellow light . 
while Driver 2 was making a left turn during the yellow light. 

Rating Veh 2 

33) 1 veh 3:15 PM clear/dry urban 2-lane rd 

Veh 1 (motorcycle) did strike a pothole with front wheel, causing 
driver to lose control. The veh then fell on its side. 

Rating Veh 1 

34) 1 veh 11:54 AM clear/dry suburban 2-lane .rd 

Driver 1 stated that a red Pinto stopped fast in front of her. She 
knew.she could not stop, drove into a yard, slid sideways about 75 
feet, and struck a tree. Other vehicle's actions, veh unknown. 
Witnesses: Martha Eldridge, Kevin Healy. 

Rating Veh 1 

35) 2, veh 7:OO AM cloudy/dry urban 6-lane hwy 

Veh 1 collided with Veh 2 causing damage. Oper of Veh 1 stated she 
signalled to change lanes and did not see Veh 2. Oper. of Veh 2 
states he was going straight and suddenly Veh 1 changed lanes, 
striking him. 

Rating Veh 1 



36) 2 veh 9:05 AM rain/wet urban intersection 

Driver 1 states he was operating north on Broadway and did not see 
the stop sign directing his flow of traffic. Veh 2 was operating 
west on Jennifer Ave and with front, Veh 1 collided with left side 
of Veh 2 at the intersection. 

Rating Veh 2 

37) 1 veh 5:15 PM cloudy/dry rural 2-lane hwy 

Veh 1 with 'front end struck a tree off roadway. Oper 1 remembers 
sneezing before the accident and nothing else. 

Rating Veh 1 

38) 2 veh 4:59 PM clear/dry suburban plaza 

Veh 1 was eastbound through plaza. Driver stated that he went to 
flick ashes in the ashtray and momentarily took his eyes from the 
road. Veh 2 was northbound through plaza and was struck by Veh 1. 

Rating Veh 2 

39) 1 veh 9:55 AX clear/dry urban RR crossing 

Veh 1 was northbound on State St on the railroad crossing when the 
vehicle * s front end dropped down and struck the railroad tracks. 
The veh dropped down due to the crossing -grade being uneven as the 
crossing is in stages of construction. When the veh struck the 
tracks, Driver 1 struck her face - causing swelling, bleeding, and 
loss of teeth. Also injured knee. The passenger struck her head on 
the windshield, cracking it. 

Rating Veh 1 

40) 2 veh 5:12 PM rain/wet suburban 4-lane hwy 

Driver of bus (Veh 2) stated he was stopped at a bus stop letting 
off passengers. The 4-way flashers were operating aind then he was 
hit from behind. Said bus was facing north in curb lane in front of 
a city bus stop. Driver of Veh 1 stated he was northbound on Smith 
St in the curb lane. He observed the stopped bus and tried to go y 

around it. He could not make it because of a car in the passing 
lane. He made contact with the bus. 

Rating Veh 1 . . 

41) 2 veh 4:25 PM clear/dry rural intersection 

Driver of Veh 1 was northbound on Harrison St approaching . 
Westminster Ave when he observed Veh 2 eastbound on Westminster 
approaching Harrison St. Driver of Veh 1 stated Veh 2 slowed to 
about 15 MPH and then continued across Harrison St without stopping 



at the stop sign. Driver of Veh 2 stated she did not remember what , 

happened and saw no stop sl'gn. The below named witness was driving 
directly behind Veh 1 and said he saw Veh 2 slow down but then go 
through the stop sign. 

Rating Veh 2 

42) 1 veh 2:20 PM clear/dry urban 4-lane hwy 

Veh 1 being operated south in the northbound curb lane did mount 
curb and continue southbound striking gas pumps locgted 
approximately 20 feet from the east curb. As a result of the 
collision the gas pumps were knocked from the pump island causing 
fire. Oper of Veh 1 states that she was operating southbound on 
Main St when the gas pedal became stuck. After attempting to pull 
the pedal from the floor with her foot and unable to do so, she 
pulled on the emergency brake in an attempt to stop the bus, She 
was unable to stop the bus and constantly gaining speed and 
overtaking vehicles in the southbound lane. Oper did observe a veh 
operating in the northbound lane and did pull out to avoid this . 
veh. After passing the veh, Oper did return to the curb lane. After 
passing through the intersection at Main St and Jackson Ave, Oper 
did mount the curb and strike the gas pumps located. approximately 
20 feet from the highway. . 

Rating Veh 1 

43) 2 veh 6:55. PM cloudy/dry urban intersection 

Veh 1 was northbound on Keifer St approaching the Getzel' Ave 
intersection. Driver 2 was westbound on Getzel Ave and attempted to 
turn left onto Keifer St. Traffic on Keifer St had the green light. 
Veh 2 tvrned in front of Veh 1, Veh 1 struck Veh 2. 

. Rating Veh 2 

44) 2 veh 6:15 PM clear/dry urban intersection 

Veh 1 was on Prospect St and when at the River Ave intersection 
turned left into Veh 2, which was eastbound on Prospect St. Oper 1 
stated she could not see Veh 2 due to the glare of the sun, which 
was bad at time of report. 

Rating Veh 2 

45) 1 veh 5:30 PM rain/wet urban 4-lane hwy 

Veh 1 being operated south on Military Rd when at 1234 Military 
with the front collided against a telephone pole at same location. 
Driver 1 states an unidentified veh ran him off the road. Driver 
apparently didn't have control of veh. 

Rating Veh 1 



46) 2.veh 3:35 PM cloudy/dry suburban 4-lane hwy 

Driver 2 told patrol he observed Veh 1 in his rear view mirror 
traveling at a high rate of speed before Veh 1 hit Veh 2 in the 
back end. Veh 1 and Veh 2 were traveling in the middle lane. Driver 
1 told patrol he accelerated his veh not realizing how close he was 
to Veh 2, causing him to run into the back of Veh 2. . . 

Rating Veh 1 

47) 2 veh 5:36 ErM snow/icy suburban 2-lane rd 

Oper of Veh 2 stated that he was proceeding southbound on Dillon St 
when Veh 1, which was proceeding northbound on Dillon crossed over 
into the southbound lane and struck Veh 2 head on. Oper of Veh 1 
stated that she was proceeding northbound on Dillon and as she was 
attempting to negotiate a curve in the roadway she lost control of 
her veh on the slippery pavement and crossed over and struck Veh 2 
head on. 

Rating Veh 2 

48) 2 veh 2:56 PM clear/dry suburban 2-lane rd 

Veh 1 southbound on Angelo Rd passed a roadsweep&. When Driver 1 
pulled back in line, the front of the veh began to shake, causing 
thedriver to lose control of the veh,, causing the driver to fall 
out onto pavement. Veh 1 then crossed the northbound lane, grass 
area, and struck a parked car (Veh 2) in the left door. Veh 2 was 
parked in exit driveway of gas station and unoccupied at time of 
collision. 

Rating Veh 1 

49) 2 veh 2:40 PM clear/dry sdurban 4-lane hwy 

Veh 1 made a right hand turn (northbound) onto Barrister Rd from 
the grocery store parking lot. Driver 2 made a left hand turn 
(northbound also) onto Barrister Rd from the department store 
parking lot. Both drivers stated they did not see the other until 
impact. Skid marks on the northbound inside lane appear to belong 
to Veh 1, possibly indicating Veh 1 improperly turned into the 
inside lane. 

Rating Veh 1 

50) 1 veh 2:53 AM dry suburban curve 

Veh 1 was heading west on Gulver Fork Rd. As Veh 1 was going around 
a curve just before the accident scene (on wrong side of the road), 
the driver slammed on the brakes, skidded sideways, and struck (on 
driver's side) a telephone pole (knocking down pole and wires), a 
telephone booth and guard rails in front of 9999 Gulver Fork Rd. 

Rating Veh 1 



Ratings of Original Coders . 

38) 1 (driver may have some responsibility because drivers should 
be especially cautious in a shopping plaza parking lot) 

39) 1 (questionable responsibility; could the driver not see the 
construction work?) 



- APPENDIX 0-2 

THEORETICAL CONSIDERATIONS OF DRIVER RESPONSIBILITY 

In the definition and explanation of the responsibility 
concept as used in this manual,. -the driver is treated as a 
mechanism in the driver-vehicle system. This perspective enables 
us to evaluate whether a crash can be attributed in part to a 
malfunction of that mechanism, assuming that the total 
responsibility for a crash can be divided among the driver, oqer 
drivers playing a role in the accident, the vehicles, and the 
environment. This perspective, we believe, will be consistent with 
the objective$ of most investigations into the role of the driver 
in crash causation. Researchers generally are more interested in 
learning about "what went wrongw to cause a crash than they are in 
divining the moral or legal shortcomings of drivers, for discerning 
the major nwhat went wrongn factors can lead to ways to reduce the 
frequency and severity of highway crashes. Hence, we have 
endeavored in this manual to distinguish crash responsibility from 
culpability, malfeasance, blame, fault, and other legal and moral 
conceptions. 

In our initial application of the driver-as-mechanism concept 
to assessing driver responsibility in actual crashes, a question 
immediately confronted was: By what standards do we determine 
whether something was "wrongn in the driver's functioning? We need 
to know the programs or operating rules of a correctly-functioning 
driver in order to determine that a particular driver has deviated 
from those rules. In theory, we would need to know the entire 
Uprogramw by which the safe driver should operate, and that program 
should account for virtually all the situations a driver will 
encounter. To our knowledge, no one has ever written that program, 
but.its basic components have been codified in traffic laws, state 
driver manuals, and safe-driving courses. While a thoroughly 
exhaustive responsibility-coding manual would lay out the basic 
nrules of the roadw for the coder to study, no attempt to do that 
was made for this manual. The guidelines that were provided seem 
to be sufficient, given the limited information usually available 
in accident reports. In actuality, we seldom find details on the 
driver's perceptions, judgments, and actions, especially.when the 
driver was killed. Hence, crash responsibility frequently must be 
based on observed vehicle actions. For .the most part, 
responsibility is descriptive of the driver-vehicle system and is 

< 

not a- psychological or mentalistic concept. As used here, it 
certainly is not a moral concept. . 

Division of res~onsibilitv. We recognize that crashes are the 
result of an interaction between the performance demands on the 
driver and the driver's response to those demands. The performance 
demands derive from the driver's own objectives and the demands 
placed by external agents, including the traffic, traffic controls, 
the weather, and other agents as listed in the text of this manual. 
A truly thorough and sophisticated responsibility analysis would 



partial responsibility among all the agents, and also show how much 
the crash is due to a discrepancy between the external demands on 
the driver and the driver's ability to meet those demands. (A 
causal analysis system developed by Donelson et ale 119863 
attempted to capture such interaction effects. ) For example, a 
driver with limited experience or with imperfect vision may have an 
accident when he/she misunderstands a confusing traffic signal at 
a complex intersection. Unfortunately, most of the accident 
details received in police reports and even in most in-depth 
reports are insufficient to assess fully the effects of external 
agents, and this is especially true of passive agents such as 
traffic signs, road characteristics, and weather conditions, It is 
also true of the demands of the vehicle, for accident reports 
almost never address the handling requirements of the vehicle. 
Consequently, the burden of crash responsiblity is usually assigned 
to the driver. In effect, the driver is evaluated against a 
standard in which he/she is supposed to be the perfect mechanism, 
responding to and compensating for virtually all circumstances. 
Perhaps this is why most attempts to parcel responsibility among 
the driver, the vehicle, and the environment report that a large 
majority of accidents are due to the driver, and few are attributed 
to the vehicles .or environment. Statistical data show that 
something is wrong with these indications, however. For example, 
highway crash data show that accidents clearly tend to occur at 
certain kinds of locations such as intersections and curves on 
rural roads. Surely this is evidence of a pronounced effect of the 
environment. Similarly, vehicles have been found to differ in 
their accident involvements, according to vehicle age, size, and 
make/model. An ideal responsibility assessment would capture these 
effects, but it may be impossible to meet that ideal, because of 
the great difficulty of identifying the environmental and vehicular 
influences on the individual accident, except in instances of overt 
failure, such as an inoperative traffic signal or a brake failure. 
Consequently, a driver typically is assignedthe responsibility for 
most accidents by default. 

Unfortunately, the responsibility method described in this 
manual has similar limitations. While the manual draws attention 
to the effects of external agents, and it instructs the coder that 
the driver must not be expected to handle all situations, the coder 
is restricted nevertheless by the lack of information on the 
influence of external agents. Hence, much responsibility will be 
assigned to the driver by default. This is particularly true in the 
case of single-vehicle crashes, where the coder is instructed to 
begin with the presumption that the driver was completely 
responsible for the accident. The limitation of our method should 
not be exaggerated, however. In many cases, the driver's error is 
apparent, and it is sometimes admitted by a driver. 

&evels of R e s ~ o n s i ~ .  Experts on crash causation have 
generally agreed that accidents rarely have a single cause. 
Considering the various external agents that may share crash 
responsibility with the driver, one might expect to -find 
considerable variation among crash drivers in the degree of 



responsibility assigned to them by-coders. Yet, the scale we have 
used basically has only three levels: full responsibility, 
contributory responsibility, and no responsibility. Theoretically, 
further delineation of levels of. responsibility is possible. We 
find, however, that the amount of information on crash causation in 
most accident reports does not support finer distinctions. 
Consequently, a more fine-grained responsibility scale must rely on 
the use of in-depth accident investigations using sophisticated 
methods to identify all crash-contributing factors. 

~taues of res~onsibility. It is important to realize that our 
coding method assesses the driver's responsibility at the time of 
mcras_h. This is the last stage in a sequence, in each of which 
the driver 'assumes a different form of responsibility. The 
sequence begins when the driver enters his vehicle for the 
particular trip. Depending on his awareness of the condition of 
himself, his vehicle, and the environment, he assumes some risk in 
driving the vehicle, and thereby incurs some responsibility for the 
outcome of the trip. He may be aware that he is tired, or that his . 
vehicle has bald tires, or that weather conditions make driving 
hazardous. Although he may attempt to compensate for these 
conditions in his driving, he nevertheless at this stage .has 
assumed what may be called "diffuse responsibilityn for a crash 
that may occur as a'partial result of the conditions. 

On the road, the driver enters a second stage of 
responsibility which depends on the way he is driving. He may 
increase crash risks by -excessive speed for the conditions, by 
following too closely, by distracting his attention through 
conversation with a passenger. Thus, he has further established 
the conditions for an accident. This enhancement of crash risk may 
be called nglobal respon~ibility.~ 

The final stage of crash responsibility is entered just before 
the crash, when the driver's actions at a specific time and 
location result in a crash. Here, we may say the driver assumes 
"immediate responsibilitytt for the crash. In the responsibility 
method of this manual, only immediate responsibility is rated, 
although in some cases the coder knows that the driver assumed 
diffuse or global responsibility. To illustrate, one crash in our 
files involved a vehicle with a damaged steering mechanism, which 
repeatedly came loose and required tightening. The driver 
continued to use the vehicle, aware of the defective steering 
mechanism. One evening the steering mechanism failed, the driver 
lost control of his vehicle, and a collision resulted. The driver 
was not judged immediately responsible for the crash, although he 
had clearly assumed diffuse responsibility. 

Now, it may seem to the reader that a responsibility method 
should rate any responsibility the driver had for a crash, rather 
than isolate just immediate responsibility. In that approach, the 
driver in the example above would have been rated responsible for 
the crash. The problem with such a general approach is that it. can 
.interfere with research objectives, such as learning impairment . 



effects due to alcohol or other drugs. Suppose, for example, that 
a driver had smoked marijuana, then drove off and had a crash. The 
driver could be rated responsible because of the diffuse risk 
be/she assumed by driving after using marijuana. Were we to 
similarly rate all crash drivers who had ingested marijuana, it 
would be impossible for a statistical analysis of the 
responsibility data to indicate whether marijuana influences 
crashes by impairing driving performance. Similar losses of 
analytic capability would occur were we to prejudge any other 
factors in the first two stages of the responsibility sequence. 
Hence, our concentration is on the driver's actions in the third 
and last stage immediately preceding the crash. 
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APPENDIX 0-3: - 
DEVELOPMENT OF CRAIJH RESPONSIBILITY METH0DOfX)GY 

The final product presented here is based on a method for 
judging crash responsibility originally developed by Kenneth 
Perchonok at Calspan Corporation in 1972. The original 5 scale 
points remain the same, although the definitions and clarifications 
are recent developments. The original scale demonstrated high 
inter-coder reliability (r = .92) when utilized in Terhune's (1982) 
study. Further, responsibility rates were found to increase with 
blood alcohol concentration (BAC), indicating validity of the 
scale. 

The Perchonok scale was evaluated in comparison with another 
responsibility scale, a method by which coders rated responsibility 
on a 0 to 100% basis, as used by Smith and Popham (1952). The 
objective of this comparison was to determine whether one of the 
scales was clearly superior to the other in terms of reliability or 
other criteria. 

The two scales were first evaluated by having two coders 
independently rate crash cases on each of the scales using accident 

-.= reports from TerhuneUs 1982 study. Intercoder agreement levels were 
similar for the two scales, with correlations of their scores I 

ranging from -77 to .92. While neither scale was more advantaged in 
this respect, the Perchonok scale was judged more easily 
interpretable due to its clearly defined scale points. The points 
of the @@Smith-Popham scaleH were undefined, hence it is difficult 
to interpret a coder's ratings. Rather than undertake a substantial 
developmental effort to define the points in a meaningful way, the 
decision was made to concentrate on improving the better- 
established Perchonok scale. Since no coding guide had ever been 
written for the Perchonok scale, development of a guide was made 
the'prime objective. Some minor clarifications in the scale points 
were also made. 

In the initial evaluation of the Perchonok scale, comparisons 
were made of responsibility ratings taken from the 1982 study with 
those of a new coder unfamiliar with the scale. Percent of exact 
agreement between the new coder and the original coder was modest 
(50%) and Pearson correlations fluctuated between .6O and '. 80. A 
second coder then became involved and coded 40 cases. Correlations 
were run between these "neww coders@ ratings, with fair results (r 
= . 6 5 ) .  Problem cases were singled out and differences discussed. 
Rules were developed for certain types of cases and incorporated 
into an early draft of the coding manual. Another 40 cases were 
independently coded by the two coders, and correlations again 
computed. Differences were noted and the manual was once again 
revised so as to encompass more situations. 

The second attemptyieldedveryhigh correlations; however, it 
was necessary to determine the consistency of this relationship. 
Therefore, another set of 40 cases was coded by the same two . 



coders, and it was found that the strong relationship remained. The 
progression of intercoder agreement is presented in Tables 1, 2, 
and 3. Not only were high correlations obtained in the complete 
data set (Table I), they were maintained in separate analyses of 
single-vehicle and multiple-vehicle crashes (Tables 2 and 3). This 
shows that intercoder agreement is not confined mainly to single- 
vehicle crashes in which the driver is usually assigned high 
responsibility for the accident. Comparing the intercoder 
correlations obtained in the 1982 study with those in this study, 
the ranges were similar. The correlations overall were slightly 
higher in the latest effort, but percent exact agreement was lower 
for single-vehicle accidents than in the previous study. This 
difference may be due to the new coding manual, in which the coder 
is encouraged to consider other factors involved that may hold some 
responsibility for the accident. 

The final test for intercoder reliability involved giving the 
new coding manual to a naive coder who coded the 50 practice cases 
in Appendix A with no verbal instruction. The correlation was 
excellent: r = .91, and percent of exact agreement was 66%. The 
coder was next given 50 fatal-accident cases, taken from 7 
different Statest actual police reports, to code in the same 
manner. The correlation was again exceptional, r = . 9 6 ,  with 
percent of exact agreement higher than in the first set (80%). 

Validity of the revised scale was examined as a final step in 
the process. If the responsibility ratings should demonstrate a 
positive relationship to blood alcohol concentration, this would 
indicate validity, for it would reflect the well-established 
correlation between BAC and relative crash risk. The BAC- 
responsibility relationship is shown in Figure 1 which incorporates 
the 3 sets of 40 cases. The Pearson correlation between BACs amd 
responsibility ratings was 0.38, which was significant at the .01 
probability level. 

The relationship presented graphically in Figure 1 was also 
compared to that found in the 1982 study. While the relationship in 
the earlier study showed a curious "dropw at the BAC level . Is-. 19, 
Figure 1 shows no such anomaly. Responsibility increases 
monotonically with BAC. It is important to note that the data set 
used in the latest reliability and validity checks is the same as 
that used in the 1982 study. In comparing the present reliability 
scores and the validity checks with those completed earlier, it 
appears that the revised scale and new manual are an improvement 
over the original version in terms of reliability and validity. 



Table 1: 

Intercoder Agreement Using the Perchonok Crash Responsibility Scale 

Entire D a t a  B a t  

First number in each cell is the Pearson correlation between coder 
ratings. 

Second number (in parentheses) is the percent exact agreement 
between coders, 

First Set of 40 cases 

Coder 2 

Coder 1 -65 (48%) 

Coder 2 * 

Second Set of 40 cases 

Coder 2 

Coder 1 -91 (68%) 

Coder 2 * 

Coder 3 

.63 (45%) ' 

.72 ( 5 0 % )  

Third Set of 40 cases 

Coder 1 

Coder 2 Coder 3 

.88 (54%) -92 (74%) 

Coder 2 * .93 (68%) 



- Table 2: 

Intercoder Agreement Usingthe Perchonok Crash Responsibility Scale 
- 

Sing le  vehicle Accidents 

First number in each cell is M e  Pearson correlation between coder 
ratings. 

-Second number (in parentheses) is the percent exact agreement 
between coders. 

First Set of 40 cases 

Codes 2 Coder 3 

Coder 1 -79 (67%) .82 (78%) 

Coder 2 * .97 (89%) 

Second Set of 40 Cases &J‘,& 

Coder 2 Coder 3 

Coder 1 .69 (73%) .83 (91%) 

Coder 2 * '.93 (73%) 

Third Set of 40 Cases No9 

Coder 2 Coder 3 

Coder 1 .95 (67%) .93 (78%) 

Coder 2 * .96 (78%) 



Table 3: 

Intercoder Agreement Using the Perchonok Crash Responsibility Scale 

Multiple Vehicle Accidents Only 

First number in each cell is the 
ratings. 

Second number (in parentheses) 
between coders. 

First Set of 40 Cases 8 s L  

Coder 2 

Coder 1 -59 (42%) 

Coder 2 * 

Second Set of 40 cases 

Coder 1 

Coder 2 

Coder 2 

.93 (66%) 

Pearson.correlation between coder 

is the percent exact agreement 

Coder 3 

057 (35%) 

.64 '(39%) 

Coder 3 

Third Set of 40 Cases -pr3 1 

Coder 2 Coder 3 

-85 (50%) .9l (73%) Coder 1 

Coder 2 



Figure 1: BAC x Driver Responsibility 

. BAC 
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Algorithm for the Derived V u i r b 1 . s  

c o m p u t e  d b a c  = 0 .  
i f  ( b a c  g t  0 )  d b a c  1. 
c o m p u t e  d t h c  = 0 .  
i f  ( t h c  g t  0 )  d t h c  1- 
compu te  d c a t b t h c  0 -  
i f  ( c a r b t h c  g t  0 )  d c a r b t h c  = 1. 
compute  d p c p  = 0 .  
i f  (PCP g t  0 )  d p c p  1. 
c o m p u t e  d l s d  = 0 .  
i f  ( l s d  g t  0 )  d l s d  1- 
compute  d a l p r a z  = 0 .  
i f  ( a l p r a t  g t  0 )  d a l p r a z  = 1. 
c o m p u t e  doxazpam = 0 .  
i f  ( O X ~ Z ~ ~ B  g t  0 )  d o x a ~ p a m  = 1- 
compute  d c l o r d y z  = 0 .  
i f  ( c l o r d y z  g t  0 )  d c l o r d y z  = 1. 
c o m p u t e  d d e s c l o r  = 0 .  
i f  ( d e s c l o r  g t  0 )  d d e s c l o r  = 1. 
c o m p u t e  d f e n o b r b  = 0 .  
i f  ( f e n o b r b  tt 0 )  d f e n o b r b  = 1. 
c o m p u t e  d e e c o b r b  = 0 .  
i f  ( s e c o b r b  g t  03 d s e c o b r b  = 1. 
compute  d b u t a b r b  = 0 .  
i f  ( b u t a b r b  g t  0 )  d b u t a b r b  = 1. 
compu te  d b u t a l b t  = . O .  
I f  ( b u t a l b t  6 t  0 )  d b u t a l b t  = 1. 
c o m p u t e  d p n t o b r b  = 0 .  
i f  ( p n t o b r b  g t  0 )  d p n t o b r b  = 1. 
c o m p u t e  damobrb  = 0 .  
if (amobrb  g t  0 )  damobrb  = 1. 
compu te  dco t ;  = O .  

. i f  ( c o k e  g t  0 ) ' d c o k e  = 1. 
c o r p u t e  d b e n z l e c  = 0 .  

. . 
i f  ( b e n z l e c  g t  0 )  d b e n z l e c  = 1. 
compu te  d a m f e t  = 0 .  
i f  ( a m f e t  g t  0 )  d a m f e t  = 1 .  
compu te  d m e t h f e t  = 0 .  
i f  ( m e t h f e t  g t  0 )  d m e t h f e t  = 1. 
compu te  d c a f e e n  = 0 .  
i f  ( c a f e e n  g t  0 )  d c a f e e n  = 1. 
compu te  d e t h c l o r  = 0 .  
i f  ( e t h c l o r  g t  0 )  d e t h c l o r  = 1. 
compu te  d m t h q u a l  = 0 .  
i f  ( m t h q u a l  g t  0 )  d m t h q u a l  = 1. 
c o m p u t e  dmeprob = 0 .  
i f  (meprob g t  0 )  dmeprob = 1. 
c o m p u t e  d d l p h e n  = 0 .  
if ( d i p b e n  g t  0 )  d d i p h e n  = 1. 
c o m p u t e  d c l o r f e n  = 0 .  
i f  ( c l o r f e n  g t  0 )  d c l o r f e n  = 1. 



Dichotomoum Drrrg Vui8bl.m (ooat.) 

compute damtryp  = 0. 
i f  ( a m t r y p  g t  0 )  damtryp  = 1. 
compute d a o r t r y p  0 .  
i f  ( n o r t r y p  g t  0 )  d n o r t r y p  1- 
C O B ~ U ~ ~  dimpram 0. 
i f  ( impram g t  0 )  dimpram = 1. 
compute ddespt.8 0 .  
i f  (despram g t  01  d d t s p r a m  = 1. 
compute d d o x e p i n  = 0 .  
i f  ( d o x t p i n  g t  0 )  d d o x e p i n  = 1. 
compute ddesdox  = 0. 
i f  ( d e s d o x  g t  0 )  ddesdox  10 
compute dmeperdn = 0. 
i f  (meperdn g t  0 )  dmeperdn 1. 
compute dmethdon = 0. 
i f  (methdon g t  0 )  dmethdon = 1 -  
compute dpropoxy  = 0. 
i f  (p ropoxy  g t  0 )  dpropoxy  = 1. 
compute d n o r p r o p  = 0. 
i f  ( n o r p r o p  g t  01  d n o r p r o p  = 1. 
compute doxydone = 0 .  
i f  (oxydone g t  0 )  doxydone = 1. 
compute dcodeen  = 0. 
i f  ( c o d e e n  s t  0 )  dcodeen  = 1. 
compute dmorfeen  = 0 .  
i f  (morfeen  g t  0 )  dmorfeen  = 1. 
compute d h e r o i n  - 0 .  
i f  ( h e r o i n  g t  0 )  d h e r o i n  = 1. 
compute d c l o r p r o  = 0 .  
if  ( c l o r p r o  g t  0 )  d c l o r p r o  = 1. 
compute d t h o r d a z  = 0 .  
i f  ( t h o r d a z  g t  0 )  d t h o r d a z  = 1. 
compute dmesdaz = 0 .  
i f  ( m e c o r d a t  g t  0 )  dmesdaz = 1. 
compute d q u i a d y n  = 0 .  
i f  ( q u i n d y n  g t  0 )  dqu indyn  = 1. 
compute d p r o c a i n  = 0 .  
i f  ( p r o c a i n  g t  0 )  d p r o c a i n  - 1. 
compute d a c e t p r o  = 0 .  
i f  ( a c e t p r o  g t  0 )  d a c e t p r o  = 1. 
compute d l y d c a i n  = 0 .  
i f  ( l y d c a i n  g t  0 )  d l y d c a i n  = 1. 
compute d f l c c a i n  = 0 .  
i f  ( f l e c a i n  g t  0 )  d f l e c a i n  = 1. 
compute dcycbenz  = 0 .  
i f  ( c y c b e n z  g t  0 )  dcycbenz  = 1. 



Puont Drug Dotivations 

COIPUT E YYCAEPAB-0. 
If (DTBC EQ 1 OR DCARBTHC EQ 1) IYCAYNAB=l. 
COMPUTE WYDIAZ=O. 
COMPUTE IYCLRDYZ-0. 
COMPUTE DCCGROUP=O . 
IF (DDIAZ EQ 1 AUD EDIAZ YE 1) EYDIAZ=l. 
IF (DCLORDYZ EQ 1 OR DDESCLOR EQ 1) YYCLRDYZ=l. 
IF (DPORDIAZ EQ 1 AUD DDIAZ EQ 0 AUD DCLORDYZ EQ 0 AUD DDESCLOR EQ 0) 
DCCCROUP=l. 
COHF'UTE EYFLURAZ=O . . 
IF (DFLURAZ EQ 1 OR DDESFLUR EQ 1) HYFLURAZ=l. 
VARIABLE LABELS IYCAUPAB 'TRC/metab'/ PYDIAZ *Diazepam definite'/ 
NYCLRDYZ 'Chlordiazepoxide/met.b'/DCCCROUP 'Diazepam-Chlorarepate~Chlordi.t'/ 
IYFLURAZ 'Flurazepam/metmb'. 
VALUE LABELS YYCANNAB NYDIAZ UYCLRDYZ DCCGROUP YYFLURAZ 0 'Not found' 
1 'Found ' . 
COHPUTE NYCOKE=O. 
IF (DCOXE EQ 1 OR DBEBZLEC EQ 1 N D  LCOKE BE 1) fYCOKEt1. 
COHPUTE AMFETGRP=O. 
COMPUTE WYMTHFET=O. 
IF (DAMFET EQ 1 AND DMETHFET EQ 0) AMFLTCRP-1. 
IF (DMETHFET EQ 1) YYMTHFET=l. 
COMPUTE YYAMTRYP=O. 
IF (DAHTRYP EQ 1 OR DYORTRYP EQ 1) %YAXTRYP=l. 
conpurr YYDOXPIW=O. 
IF (DDOXEPIN EQ 1 OR DDESDOX EQ 1) YYDOXPIP=l. 
VARIABLE LABELS WTCOKE 'Cocaine/metab'/ AMFETGRP 'Amphetaaine Group*/ 
PYPSTHFET 'Methamphetamine Definite'/%YAHTRYP '~mitryptyllne/metab'/ 
YYDOXPIN 'Doxepia/metab'. 
VALUE LABELS PYCOKE AMFETCRP IYWTRfET EYAHTRYP EYDOXPIP 0 'Pot found' 
1 'Found'. 



COHPUTE IYPROPOX-0. 
I F  (DPROPOXY EQ 1 OR DMORPROP SQ 1 )  MYPROPOX-1. 
coHPurr  IYCODEEI-o . . 
COHPUTE HORFGRP-0. 
I F  ((DCODEEP tQ 1 )  AYD (CODEOU Gf O.l*IORPEEI)) IYCODEEI-1. 
I F  ((DXORFEEP tQ 1 1  AND (CODEEM LE O.l*HORPEEN)) MORFGRP-1. 
COHPUTE MYPROCU-0. 
I F  (DPROCAIN EQ 1 OR DACETPRO SQ 1 )  IYPROCAM-1. 
COXPUTE MYLIDCAM-0. 
I F  (DLYDCAIM tQ 1 IUD ELYDCAIU t Q  0 )  ITLIDCAM-1. 
VARIABLE LABILS IYPROPOX *Propoxypheae/metab ' /  MYCODEEI 'Codeine d e f i d ~ i t e ' /  
MORFGRP *Heroin/codeine/morphiae'/ MYPPOC- *Proca inamide /metab ' /  
.YLYDCAN ' L i d o c a i a e  d e f i n i t e ' .  
VALUE LABELS NYPROPOX IYCODEEY HORPGRP PYPROCAI IYLYDCU 0 'Mot found '  
1 'Found ' . 
i f  ( emor feen  e q  1 )  nycodeen-0. 
i f  ( e m o r f e e n  e q  1 )  morfgrp-0.  
compute nymeprdn-0. 
i f  (dmeperdn e q  1 and emeperdn n e  1 1  nymeprdn-1. 
v a r i a b l e  l a b e l s  nymeprda ' H e p e r f d i n e  d e f i n i t e ' .  
v a l u e  l a b e l s  nymeprdn 0 ' l o t  found '  1 'Found' .  
compute n a r a n a l g - 0 .  
if  (aymeprdn e q  1 o r  dmethaon e q  1 o r  aypropox  e q  1 o r  doxydone e q  1 
o r  nycodeen e q  1 o r  mor fgrp  e q  1 )  n a r a n a l g - 1 .  
compute a n t a r y t h - 0 .  
i f  ( d q u i n d y n  eq 1 o r  nyprocan  e q  1 o r  n y l y d c a n  eq 1 o r  
d f l e c a i n  e q  1 )  a n t a r y t h - 1 .  
compute impramgp-0. 
i f  (dimpram e q  1 o r  ddespram eq 1 )  impramgp-1. 
v a r i a b l e  l a b e l .  impramgp 'Imipramiae/deaipramine*I 
v a l u e  l a b e l s  impramgp 0 'Not found '  1 'Found' .  



Drug Class Derivations 

CORPUTE HALUCGEY=O. 
IF (DPCP tQ 1 OR DLSD EQ 1) HALUCGEY-1. 
conpurr BEYDIAZ-O. 
IF (DDIAZ EQ 1 OR DHORDIAZ EQ 1 OR DLORAZ EQ 1 OR DFLURAZ EQ 1 
OR DDESFLUR EQ 1 OR DALPRAZ EQ 1 OR DOXAZPAR EQ 1 OR DCLORDYZ EQ 1 
OR DDESCLOR EQ 1) BEPDIAZ=l. 
CORPUTE BARBfT=O. 
IF (DFEYOBRB EQ 1 OR DSECOBRB EQ 1 OB DBUTABRB EQ 1 OR DBUTALBT EQ 1 
OR DPYTOBRB EQ 1 OR DAXOBRB EQ 1) BARBIT-1. 
COIIPUTE CISSTIX=O. 
IF (DCOKE EQ 1 OR DBERZLEC EQ 1 OR DAHFET EQ 1 OR DMETHFET EQ 1 
OR DCAFEEY tQ 1) CPSSTIX=l. 
COWPUTE OTHSEDTV=O. 
IF (DETHCLOR EQ 1'OR DXTHQUAL EQ 1 OR DMEPROB EQ 11 OTRSEDTV=l. 
VARIABLE LABELS BALUCGEN 'Hallucinogenr' BEPDIAZ 'Benzodiaztpiner' 
BARBIT 'Barbiturates' CISSTIM 'CIS Stimulants' OTHSEDTV 'Other Sedatives'. 
VALUE LABELS HALUCGEY BENDIAZ BARBIT CYSSTIX OTBSEDTV 0 'Not found* 
1 'found'. 
COXPUTE AHTIHIST-0. 
IF (DDIPHEH t 0  1 OR DCLORFEP EQ 1) UTIHIST=l. 
COXPUTE AYTIDEPR=O. 
IF (DAWTRYP EQ 1 OR DPORTRYP EQ 1 OR DIHPRAX EQ 1 OR DDESPBAM EQ 1 
OR DDOXEPIE EQ i OR DDESDOX EQ-i 
AYf IDEPR=l . 
COXPUTE YARAYALG-0. 
IF (DREPERDI EQ 1 OR DXETHDOY EQ 
OR DOXYDOPE EQ 1 OR DCODEEN EQ 1 
YARAYALG=l. 
COMPUTE AIJTPSYCH=O. 
IF (DCLORPRO EO 1 OR DTHORDU .EQ 
COWPUTE A)ITARYTH=O. 
IF (DQUIPDYY EQ 1 OR DPROCAIH EQ 
OR DFLECAIN EQ 1) ANTARYTH=l. 

OR DFLUOX EQ 1 OR DPORFLUX EQ 11 

1 OR DPROPOXY EQ 1 OR DYORPROP EQ 1 
OR DMORFEEH EQ 1 OR DHEROIN EQ 1) 

1 OR DXESDAZ EQ 1) APTPSYCH=l. 

-1 08 DACETPRO EQ 1 OR DLYDCAIP EQ 1 

VARIABLE LABELS AXTIAIST 'Antihistamines' UlTIDEPR 'Antidepresrants* 
YARAYALG 'Narcotic analgesics' AYTPSYCH 'Antipsychoticr' 
AITARYTH 'Antiarrythmics'. 
VALUE LABELS ANTIHIST AHTIDEPR PARAIALG AHTPSYCB UlTARYTH 0 'lot found' 
1 'Found'. 



compute  f b a c = b a c .  
r e c o d e  g b a c  (0.01-l)(O.O2 t h r u  0.05=21(0.06 t h r u  0.09-3) 
(0.10 t h r u  0 .14-4)(O. l5  t b r u  1 - 5 - 5 ) .  
war l a b e l s  gbac  'BAC Group* .  
v a l u e  l a b e l a  GBAC 0 *%one '  1 ' T r a c e *  2 'Lou* 3 ' I n t e r r e d *  4 ' E l g h *  
5 ' T o x i c * .  
compute g t h c - t h e .  
r e c o d e  g t h c  ( 1 , 2 = 1 ) ( 3  t h r u  19-2) (20  t h r u  900-3).  
v a r  l a b e l s  g t h c  *THC Conc Group' .  
compute g c a r b t h c - c a r b t h c .  
r e c o d e  g c a r b t h c  ( 1  t h r u  4 -1) (5  t h r u  249=2) (250  t h r u  9000-3).  
v a r  l a b e l s  g c a r b t h c  'COOH-ZBC Cone Croup ' .  
compute gpcp-pep. 
r e c o d e  gpcp  f l  t h r u  7 = 1 ) ( 8  t b r u  48=21(49 t h r u  8 9 = 3 ) ( 9 0  t h r u  9000-41. 
v a r  l a b e l s  gpcp 'PCP Cone Group' .  
compute  g d l a t - d l a z .  
r e c o d e  g d l a z  ( 1  t h r u  1 2 0 = 1 ) ( 1 2 1  t h r u  2499=2)(2500 t h r u  499913)  
(5000 t b r u  9000-4) .  
v a r i a b l e  l a b e l s  g d l a z  'Diazepam Cone Group' .  
compute  g n o r d l a z = n o r a r a z .  
r e c o d e  g n o r d l a z  ( 1  t h r u  1 2 0 = 1 ) ( 1 2 1  t h r u  1099-2)(1100 t h r u  9000-3). 
compute g c l o r d y z = c l o r d y z .  
r e c o d e  t c l o r d y z  ( 1  t h r u  1 2 0 = 1 ) ( 1 2 1  t h r u  2499-2)(2500 t h r u  499913)  
(5000 t h r u  9000-4).  
c o 8 P u t e  g d e s c l o r = d e s c l o r .  
r e c o d e  g d e s c l o r  ( 1  t h r u  1 2 0 - 1 ) ( 1 2 1  t h r u  1999=2) (2000  t h r u  9000-3) .  
e o r p u t e  g f e n o b r b = f e n o b r b .  
r e c o d e  g f e n o b r b  (1 t h r u  1 2 0 = 1 ) ( 1 2 1  t h r u  17499*2)(17500 t h r u  34999-3) 
(35000 t h r u  90000-4).  
compute g b u t a l b t - b u t a l b t .  
r e c o d e  g b u t a l b t  ( 1  t h r u  120-1) (121  t h r u  4999-2)(5000 t h r u  9999-3) 
(10000 t h r u  90000-4).  
compute g p n t o b r b = p n t o b r b .  
r e c o d e  g p n t o b r b  ( 1  t h r u  1 2 0 = 1 ) ( 1 2 1  t h r u  4999-2)(5000 t h r u  9999-3) 
(10000 t h r u  90000=4) .  
compute gcoke-coke.  
r e c o d e  gcoke ( 1  t h r u  60-1) (61  t h r u  499=2) (500  t h r u  9 9 9 = 3 ) ( 1 0 0 0  t h r u  9000-4).  
compute g b e n z l e c = b e n z l e c .  
r e c o d e  g b e n z l e c  ( 1  t h r u  6 0 - 1 ) ( 6 1  t h r u  44999=2) (45000  t h r u  89999-3) 
(90000 t h r u  98000=4) .  
compute  gamfe t=amfe t .  
r e c o d e  g a r f e t  (1 t h r u  6 0 = 1 ) ( 6 1  t h r u  99=2) (100  t h r u  1 9 9 = 3 ) ( 2 0 0  t b r u  90000=4) .  
compute g m e t h f e t - m e t h f e t .  
r e c o d e  g m e t h f e t  ( 1  t h r u  6 0 = 1 ) ( 6 1  t h r u  4999=2) (5000  t h r u  90000-3) .  
compute  g d i p h e n = d i p h e n .  . 
r e c o d e  g d i p h e n  ( 1  t h r u  2 4 = 1 ) ( 2 5  t h r u  4999=2) (5000  t h r u  9999-3) 
(10000 t h r u  90000=4) .  



compute g c l o r f e n = c l o r f e a .  
r e c o d e  t c l o r f e n  ( 1  t h r u  60-1) (61  t h r u  3 4 9 = 2 ) ( 3 5 0  t h r u  90000=3) .  
compute gamtryp-amtryp.  
compute g n o r t r y p - n o r t r y p .  
r e c o d e  gamtryp ( 1  t h r u  7 = 1 ) ( 8  t h r u  269=2) (250  t h r u  499=3) (500  t h r u  9000-6).  
r e c o d e . g n o r t r y p  ( 1  t h r u  7 - 1 ) ( 8  t h r u  249=2) (250  t h r u  499=3) (500  t h r u  9000=4) .  
compute g f l u o x ~ f l u o x .  
r e c o d e  g f l u o x  ( 1  t h r u  7 = 1 ) ( 8  t h r u  699=2) (700  t h r u  9000=3) .  
compute g n o r f l u x ~ n o r f l u o x .  
r e c o d e  g n o r f l u x  ( 1  t h r u  7 = 1 ) ( 8  t h r u  8 9 9 = 2 ) ( 9 0 0  t h r u  9000-3).  
compute gmeperdn-meperdn. 
r e c o d e  gmtperdn ( 1  t h r u  6 0 = 1 ) ( 6 1  t h r u  499=2) (500  t h r u  999=3)  
(1000 t h r u  99000-4).  
compute gpropoxy=propoxy.  
r e c o d e  gpropoxy (1 t h r u  6 0 = 1 ) ( 6 1  t h r u  249=2) (250  t h r u  499=3) (500  t h r u  9900-41. 
compute ~ c o d e e n = c o d e e n .  
r e c o d e  gcodeen ( 1  t h r u  1 2 = 1 ) ( 1 3  t h r u  99=2) (100  t h r u  199=3) (200  t h r u  9900-4). 
compute gmorfeen=morfeen.  
r e c o d e  gmorfeen (1 t h r u  60-1) (61  t h r u  9 9 = 2 ) ( 1 0 0  t h r u  1 9 9 = 3 ) ( 2 0 0  t h r u  9900-4).  
compute g l y d c a i n - l y d c a i n .  
r e c o d e  g l y d c a i n  ( 1  t h r u  2 4 0 - l l ( 2 4 l  t h r u  2999=2) (3000  t h r u  5999-3) 
(6000 t h r u  99000=41. 
v a r i a b l e  l a b e l s  CIORDIAZ 'Mordiarepam Conc Croup* GCLORDYZ 
' C h l o r d i a z e p o x i d e  Conc Group'  CDESCLOR 

' D e s m e t h ~ l c h l o r d i a z e p o x i d e  Conc Croup'  
CFENOBRB ' P h e n o b a r b i t a l  Conc Croup '  GBUTALBT ' B u t a l b i t a l  Conc Croup '  
CPHTOBRB ' P e n t o b a r b i t a l  Conc Croup'  CCOKE 'Cocaine Conc Croup '  
CBEIZLEC 'Benzoy lecgon iae  Conc Group'  CAXFET 'Amphetamine Conc Group'  
GXETHFET lMethamphetamine Conc Croup'  GDIPHEI 'Diphenhydramine Conc Croup* 
CCLORFEN ' C h l o r p h e n i r a m i n e  Conc Croup '  CAWTRYP ' A m i t r y p t y l i n e  Conc Croup '  
GHORTRYP ' l o r t r y p t y l i n e  Conc Croup '  CFLUOX ' F l u o x t t i n e  Conc Croup '  
GNORFLUX ' W o r f l u o x e t i n e  Conc Croup '  CXEPERDN ' X e p e r i d i n e  Conc Croup '  
GPROPOXY 'Propoxyphene Conc Croup '  CCODPEI 'Codeine Conc Croup '  
GWORFEEN 'Horphine Conc Group' CLYDCAII ' L i d o c a i n e  Conc Croup ' .  
Value l a b e l s  CTHC CCARBTHC GPCP GDIAZ CIORDIAZ CCLORDTZ CDESCLOR CFEPOBRB 
GBUTALBT GPNTOBRB GCOKE CBEPZLtC ( IUFEI  CHETUFET CDIPHEH CCLORFEI CAHIRYP 
GIORTRYP CFLUOX CIORFLUX CXEPERDE CPROPOXT CCODEEtJ CIORFEEY GLYDCAII 
0 'Hone' 1 ' T r a c e '  2  'Low' 3  'Bigh '  4  ' T o x i c ' .  
v a r i a b l e  l a b e l s  CNORDIAZ 'Yordiarepam Conc Croup '  CCLORDYZ 
' C h l o r d i a z e p o x i d e  Conc Croup '  CDESCLOR 
'Desmethylchlordiazepoxide Conc Croup '  

GFENOBRB ' P h e n o b a r b i t a l  Conc Croup'  CBUTALBT ' B u t a l b i t a l  Conc Croup '  
GPNTOBRB ' P e n t o b a r b i t a l  Conc Group* CCOKE 'Cocaine Conc Croup ' .  
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coun t  n d r u g s - M Y C A I I A B  D P C P  DLSD MYDIAZ DCCGROUP M Y F L U R U  MYCLRDYZ 
DFSMOBRB DBUTALBT D P I T O B R B  MYCOKI D X S T R F E T  A W S T G R P  DCAFSSM DDIPHLM 
DCLORFSM M Y U T R Y P  D D E S P R U  MYDOXPIS  DMEPSRDM DMETHDOM MYPROPOX MYCODLEI ,  . 
XOPFGRP I X L Y D C U  DCYCBEPZ OTURDRUG (1). 
v a r i a b l e  l a b e l s  MDRUGS ' T o t a l  n o n a l c o h o l i c  d r u g s  i n g e s t e d ' .  
c o m p u t e  n d r u g s I a - n d r u g s + d b a c .  
v a r i a b l e  l a b e l s  I D R U G S I A  ' T o t a l  d r u g s  i n g e s t e d ,  i n c l .  a l c o h o l * .  
c o m p u t e  MOUCDRG=O.  
i f  (MDRUGS GO 1) MOALCDRG-1. 
v a r i a b l e  l a b e l  SOALCDRG * A n y  I o n a l c  D r u g * .  
v a l u e  l a b e l s  0 ' M o t  d e t e c t e d '  1 ' D e t e C t * d * .  
c o m p u t e  U Y S U B S T - 0 .  
i f  ( I D R U G S I A  G E  1) U Y S U B S T - 1 .  
v a r i a b l e  l a b e l s  U Y S U B S T  ' A n y  A l c o b o l  o r  D r u g * .  
v a l u e  l a b e l s  0 ' N o t  detectea' 1 ' D e t e c t e d ' .  

COXPUTE SUBSAIIPL-97 .  
I F  ( I D R U G S Q A  S Q  0 )  SUBSAXPL-0 .  
I F  (GBAC LQ 1 OR GBAC EQ 2 OR GBAC S Q  ~ ' A M D  MDRUGS E Q  0 )  SUBSAHPL-1 .  
I F  (GBAC G I  4 AND PDRUGS E Q  01 SUBSAXPL-2 .  
I F  (DTHC E Q  1 AND I D R U G S Q A  EQ 1) SUBSAXPL-3 .  
I F  (DTHC E Q  0 AND DCARBTHC EQ 1 AND WDRUGSQA EQ 1) S U B S A W L = 4 .  
I F  (HYCOKE E Q  1 A I D  IDRUGSQA EQ 1) SUBSAMPL-5.  
I F  ( ( A X F E T G R P  EQ 1 OR NYKXHFOT EQ 1) AND I D R U G S I A  S Q  1) SUBSAHPL-6 .  
I F  (DBAC EQ 0 A I D  MDRUGS EQ 1 A I D  IYCAHNAB P Q  0 AND 
C N S S T I l ¶  EQ 0 )  S U B S A X P L - 7 .  
4 F  (DTHC EQ 1 A I B  DBAC S Q  1 A I D  B D R U G S I A  L T  3 )  S U B S A W L - I .  
I F  (DTHC EQ 0 AND DCARBTXC EQ 1 AND DBAC E Q  1 AND YDRUGSIA L T  3) 

, SUBSAWPL-9.  
I F  (MYCOKE t Q  1 AND DBAC E Q  1 AHD MDRUGS@A L T  3 ) _ S U B S e L - 1 0 .  
I F  ( ( A X F E T G R P  EQ 1 OR I Y X T H F E T  S Q  1) A I D  DBAC EQ 1 
A I D  IDRUGSQA L Q  2 )  S U B S A W L - 1 1 .  
I F  (DBAC EQ 1 AND NDRUGSQA EQ 2 A I D  PYCANNAB EQ 0 AND C P S S T I X  EQ 0 )  
S U B S A X P L = 1 2 .  
I F  (DBAC EQ 1 AHD MDRUGSIA GE 3 )  SUBSAWPL-13 .  
I F  (DBAC EQ 0 AND PDRUGS EQ 2 )  S U B S A N P L = 1 4 .  
I F  (DBAC EQ 0 AHD I D R U G S  G E  3 )  S U B S A W L - 1 5 .  
v a r i a b l e  l a b e l  SUBSAWPL ' D r i v e r  D r u g  I n v o l v e m e n t  ~ a t e g o r i i s " .  

v a l u e  l a b e l s  S U B S A X P L  97 ' O t h e r '  0 " D r u g f r e e ' "  1 " A l c O n l y - L T . 1 0 "  
2 " A l c O n l y - G L . 1 0 "  3 " T H C - O n l y "  4 " C a r b o x y - O n l y "  5 " C o c a i n e - O n l y "  
6 " A m f e t s - O n l y "  7 ' O t h r  S i n g l '  I ' A l c + T H C '  9 " A 1 c + C a r b x n  
10 ' A l c + C o k e v  11 " A l c + A m f e t s c  1 2  " A l c + l o t h r "  13 " A l c + 2 + "  
14 " 2  Y o n a l c "  15 "3+ I o n a l c "  9 7  ' O t h e r ' .  



compute l a a d u s e r - r o a d t y p e .  
r e c o d e  l a n d u s e r  ( 1  t h r u  9 = 2 ) ( 1 1  t h r u  19ml) .  
v a r i a b l e  l a b e l 8  l a n d u s e r  'Land Use from ROADTYPE'. 
v a l u e  l a b e l s  l a n d u s e r  1 'Urban'  2 ' R u r a l ' .  
compute s e a s o n = a x r o n t h .  
r e c o d e  8ea8on  (l,2,3=1.)(6,5,6=2)(7,8,9~3)(10,ll,l2~4). 
v a l u e  l a b e l s  s e a s o n  1 'Win te r '  2 ' S p r i n g '  3 'Summer' 4 ' F a l l ' .  
compute r u r f c o n r - 8 u r f c o n .  
r e c o d e  s u r f c o n r  ( 2  t h r u  5 , 8 = 2 ) .  . 
v a r i a b l e  l a b e l s  a u r f c o n r  ' S u r f a c e  C o n d i t i o n ' .  
v a l u e  l a b e l s  a u r f c o n r  1 'Dry', 2 'O ther ' .  
compute  vehtype-bodytype.  
r e c o d e  v e h t y p e  ( 1  t h r u  9 ,13,67=1)  (10,50,51,52=2)  (11,40,41,42,48,49,~~-3) 
(12 ,55 ,56 ,68=4)  (53 ,58 ,59 ,69=5)  (20,21,27,28,29=6)  (70  t h r u  79-71. 
v a r i a b l e  l a b e l s  r e h t y p e  ' V e h i c l e  Type ' .  
v a l u e  l a b e l s  veh type  1 'Car*  2 'Pickup '  3 'Van' 4 'U-Veh' 5 ' 0 th  L t  I r u k *  
6 ' I - c y l e '  7 'Uvy I r u k ' .  
compute c a l a x r = c a l a x .  
r e c o d e  c a l a x r  (111,112,113,118,121 t h r u  124-1) ~211 ,213 ,215 ,217 ,221*2)  
(311,321-3)  (511,513-4) 1212,214,216,218,222rS)  (312,322-6) (512,514=7)  
(411,413,415,421,423,425,427-8)  (412,414,416,422,621,*26,428=9) ( e l s e - 9 7 ) .  
v a r i a b l e  l a b e l s  c a l a x r  'LO-Value CALAX' .  

v a l u e  l a b e l s  c a l a x r  1 'Sngl Drvr '  2 'Rear S t r k n g '  3 'Opp S t r k n g *  
4 ' I n t  S t r k n g '  5 'Rear S t r u k '  6 'Opp S t r u k '  7 ' I n t  S t r u k *  8 'Turn On* . 
9 'Turnd Upon' 97  ' O t h e r * .  
m i s s i n g  v a l u e  s u r f e o n r  ( 9 )  c a l a x r  ( 9 9 8 ) .  



lon-drug Crash Dosoriptor Vuirbles (aont.1 

compute crdthtmg-crdthtym. 
recode crdthtmg (0.1 thru O.5=1) (0.6 thru l.O=2) (1.1 thru 1.513) 
(1.6 thru 2.04) (2.1 thru 2.5-5) (2.6 thru 3.0-6) (3.1 thru 3.5=7) 
(3.6 thru 6.0-8) (4.1 thru 9.8-91. 
variable labels crdthtmg 'Crash-Death-Time Group*. 
value labels crdthtmg 0.0 '0 hr* 1 '0.1-0.5 hr' 2 '0.6-1.0 hr' 
3 '1.1-1.5 hr* 4 '1.6-2.0 br' 5 '2.1-2.5 hr' 6 '2.6-3.0 hr' 7 '3.1-3.5 hr' 
8 '3.6-4.0 hr' 9 '4.0-9.8 hr*. 
compute dthbltmg-dthbltym. 
recode dthbltmg (0.0 thru 1.0=1) (1.1 thru 2.0-2) (2.1 thru 3.0-3) . 
(3.1 thru 4.0-4) (4.1 thru 8.0-5) (8.1 thru 12.0-6) (12.1 thru 24.0-7) 
(24.1 thru 48.0-8) (48.1 thru 72.0-9) (72.1 thru 96.0-10). 
variable label dthbltmg 'Death-Spcmn-Time Group'. 
value label8 dthbltmg 1 'LE 1 hr' 2 '1.1-2.0 hr' 3 '2.1-3/0 hr' 
4 '3.1-4.0 hr' 5 '4.1-6.0 hr' 6 '8.1-12.0 hr* 7 '12.1-24.0 hr* 
8 '24.1-48.0 hr' 9 '46.1-72.0 hr* 10 '72.1-96 hr*. 
compute dragegrp-agedrvr. 
recode dragegrp (15 thru 17-11 (18 thru 20=2) (21 thru 26-31 (25 thru 34-41 
(35 thru *4=5) (45 thru 54-6) (55 thru 64-7) (65 thru 95-81. 
variable label dragegrp 'Driver Age Group'. 
value labels dragegrp 1 '15-17 yr' 2 '18-20 yr' 3 '21-24 yr* 4 '25-34 yr* 
5 '35-44 yr' 6 '45-54 yr* 7' '55-64 yr' 8 '75-95 yr*. 
compute drfctrl=trunc(drvrfctr/lOOOO). 
compute reml-drvrfctr-(10000*drfctrl). . 
compute drfctr2=trunc(reml/l00). 
compute drfctr3=reml-(100*drfctr2). 
compute drfctrlr-drfctrl. 
compute drfctr2r-drfctr2. 
compute drfctr3rmdrfctr3. 
recode drfctrlr drfctr2r drfctr3r (3, 7 thru 12, 19 thru 25, 29,31,32,37, 
40 thru 63,48,49,52 thru 57.59 thru 67,90,91,92=97)(33,34,35=3)(4,5-4). 
variable label drfctrlr 'First Driver Factor*. 
variable label drfctr2r 'Second Driver Factor'. 
variable label drfctr3r 'Third Driver Factor*. 
value label8 drfctrlr drfctr2r drfctr3r 1 'Sleep/y' 2 'Ill' 3 'Pa8sng Err' 
26 'Follwng Err* 27 'Ln Chg Err* 28 'Ln Xnt Err' 30 'Itry/xt Err* 36 'Rckle88' 
38 'Rtofway Err* 39 'Trafcntrl Err' 4 4  'T0ofa.t' 45 'Tooa?ow' 
46 'Eratcspeed' 4 7  'Turn Err' 50 'Wrongway' 51 'Wrong Syd 
58 'Ovrcorct* 97' 'Other* 0 'Pone* 4 'Drugs' 6 'Inattntv*. 
missing value drfctrlr drfctr2r drfctr3r (99). 



Appendix I 

Unweighted Drug Prevalence Rates 

This Appendix presents the prevalence rates for the' 
drugs and drug classes, using the original data without 
corrections for sample bias. For some sampling sites, 
the data include cases that originated from adjacent 
counties or States. 

'At the end of this Appendix, Table 1-7 provides 
confidence intervals, based on the sample sizes obtained 
for each county or State, and the FARS counts of the 
eligible driver population from each county or State. 



fable t-1 

A l l  
CA 



TOTAL CUM 



Alcohol (ethanol ) 
tunrbi s 

Delta-9 THC 
krboxy- THC 

Rat lucinogens 
Phencyclidine 

Bmrodi azepines 
Diazepam . 
Nordiazepam 
Chiordiazepoxi& 
DcrnrthylchLordiazepoxi& 

brbi turate Sedatives 
Phcnobrrbi t a l  
ButaLbital 
Pentobarbi ta t  

QIS S t iu lan ts  
Coca i ne 
Bcnzoylccgonine 
A@tetmtine 
Hethmphetmine 

Antihistinines 
D i phcnhydrmine 
Chlorphmi r a i n e  

Antidepressants 
Anitr ipty l ine 
Nortr ipty l  ie 
F l w x e t i n  
Norf lwxet ine 

Narcotic AMLgesics 
Propoxyphene 
Norpropoxyphm 
Codeine 
llorph i n 

brrcntmtim t.twi- of S&st- F a d  
in 3 or Nore Drivers 

# uses 
with druq 

958 

80 
129 

3 

47 
43 
8 
7 

12 
13 
4 

37 
84 
20 
34 

7 
5 

7 
7 
6 
4 

6 
6 
7 
9 

Concentration Catesow 
Low - 

*A toxic Level w s  not idcnt i f  id. 





irrcotte Aml#n1a 
Mfwrldfn* 

hydrochlwta 
ItetlMdotw 
^~opOKyfJww 
CodÃ‡l 
MÃ§rIfVCoditir/MorBhl 

Ant Iwqtlr lei  
Irwlfmld* 

h u t *  re luent 
Cyclobftt*iiw 

Other druo* 

TOTAL CASE! 

0.0 0.18 

0 0  0.IX 
0.9 0.3% 
0.0 0.48 
l.? 0.a 

0.0 0.ts 

0.11 ::: 1.9% 

m tm 



Drug C l a m  P r t y l i w  RÃ§t In f imt 1082 CMÃ 
Owgm In Briwr F i t e l l t f ~  Study 

Total -ma 

(6.6% 61.1% 51.0% 48.7% 52.01 69.1% Sl.W 
4.3 7.4 4.0 4.9 0.0 U.2 8.7 
0.0 0.0 0.0 0.0 2.8 0.0 0.0 
5.1 0.0 9.2 1.7 1.0 4.7 3.9, 
1 .S 1.9 0.0 1.4 0.0 1.9 1.7 
4.9 5.6 3.6 2.1 5.6 6.6 12.2 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.6 0 .  0.0 0.6 2.1 0.9 0.9 
0.8 0 .  0.0 0.6 0.0 0.9 0.9 
1.1 0.0 0.0 0.9 0.0 0.9 2.6 
0.0 0.0 0.0 0.0 0.0 9.0 0.0 
0.2 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.3 0.0 0.0 0.0 
t.? 0.0 1.2 2.0 0 .O 0.9 I.? 

330 % 63 U S  36 106 119 

Â ¥ o f  C o l w  & net add to 1W% tee- Â¥er thm om drug e l m  e m  to found for Â¥n an dr ive .  



Drrrp C1.u P n n l c r r c  Rates Within State G r a p . *  
Drrrps in Driver Fata l i t i -  Study 

n = l U Z 8 C n e s  

k l i f o r n i a  bas. N.C. Virginia Uiuansin Taur  A1 1 
prua Class j 5  cornties1 - - 115 corntiesr cornties1 Sftcr 

Alcohol (ethanol) 51 .4% 52.6% 46.6% 51 -8% 49.1% 59.3% 50.9% 

Cunrbi s 9.3 8.1 4.3 6.0 4.5 11.3 6.9% 

Barbiturates 2.0 1.2 1.5 0.0 1.3 1.8 1 .S% 

Narcotic kv lges ics 0.9 0;6 1.1 0.0 0.8 1.8 1.0% 

Antidepressants 0.9 1.7 0.8 0.0 0.5 0.9 0.8% 

A n t i h i s t i d m  0.7 0.6 0.6 0.0 0.8 0.9 0.6% 

Ul tixinogens 0.7 . 0.0 0.0 0.0 0.3 0.0 0.2% 

Ant iarrhythmics 0.0 0.0 0.2 0.0 0.0 0.0 . 0.1% 

lkrrcle Relaxants 0.0 0.0 0.0 0.0 0.3 0.0 0.1% 

Nonbrrbi turate 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0% 
sedatives 

Anti psychotics 0.0 0.0 0.0 0.0 0.0 0.0 0.0% 

Misc. Other Drues 1.8 1.7 1.1 1.2 1 .8 1 .4 1 .SX 

Total Casts 440 113 530 a 381 221 1828 

Note: colums'do not add rp t o  100% because -re than one drug class cut be f d  fo r  any one driver. 

Washoe, Nevada s i t e  was e x c l d  from th is  w l y r i s  due t o  -11 surple size. 



Ã§tcÃ‡fcÃ UC .10 
Alcohol; Me .10 
Oolti-9 TMC* 
C T b u v  T I C Ã  
S t l M t U t t  
Othw 

alcohol 4 dÃˆ ta-9 tUC* 2.5 
Alcohol 8 cwbcÃ§y-tlÃˆ 0.0 
Alcohol I 8tlutmt 7.5 
alcohol I 1 othw not Â¥bo 2.5 
Alcohol I 2+ dmÃ 0.0 



. Table 1-7 

Canfi* Intcmlr fw P r c n l w  Rates* 

Instructions: For a given d r q  prevalence rate at a r r rp le  site, f i nd  the value i n  the c o l a  l a b e l d  Wrug 
Prev. Rate". d r e d  the 95% or 99% confidence interval from the corresponding colums. Interpolate as 
ncess81-y. Exrple:  For a 10% prwalarwe rate i n  Solano Cornty, the 95% confidence interval i s  + or -2.4%. 

Total S w l e  
W i t h i n  s i t e  cages only) 

Saple Size = 1790 
Papulatim Size = 2539 

A l~ l cda  Countv. CA 

Srrple Size = 40 
Population Size = 62 

solam, Cantv. CA 

Srrple Size = 25 
Population Siqe = 26 

San Bernadine Countv. CA 

Sanple Size = 131 
Population Size = 174 

San Dicoo huntv.  CA 

Smple Size = 145 
Population Size = 159 

Los Anseles Cantv. CA 

Sanple Size = 97 
Poplat ian Size = 417 

Drug 
Prw. 
mL 
50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .a 

50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .a 

50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .a 

50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .ox 

50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .ax 

50.0% 
40.0% 
30.0% 
20.0% 
10.0% 
5.0% 
2.0% 
1 .O% 

95% 
Conf idmce 

Interval . 
+ o r -  

99X 
C m f  idence 

Interval 
+ or - 

1.6% 
1.6% 
1.5% 
1.3% 
1 .a 
0.7% 
0.5% 
0.3% 

12.2% 
12.0% 
11.2% 
9.8% 
7.3% 
5 -3% 
3.4% 
2.4% ' 

5.1% 
5.0% 
4 . n  
4.1% 
3.1% 
2.2% 
1 .4% 
1 .OX 

5.6% 
5.5% 
5.1% 
4.5% 
3.4% 
2.4% 
1.6% 
1.1% 

3.2% 
3.1% 
2.9% 
2.5% 
1.9% 
1 .4% 
0.9% 
0.6% 

11.4% 
11.2% 
10.5% 
9.2% 
6.9% 
5.0% 
3.2% 
2.3% 



. . 
Massachusetts (State) 

Smple Size = 173 
Population Size = 234 

. North Carolina (State) 

SMple Size = 530 
Population Size = 668 

Drug 
Prev. 

Uashoe County. NV 

Sample Size = 41 
Population Size = 37 

Northern Virginia 

Stole Size = 83 
Population Size = 109 

Wisconsin (State) 

SmpLe Size = 381 
Population Size = 459 

Tarrant Cowtv. TX 

w l e  Size = 81 
Population Size 86 

95% 99% 
Confidence Confidence 
Interval Interval 
+ or - + or - 



Sraple size = 63 
Poprlation Size = 110 

Drup 
Prev. 
Rate - 

95% 
Conf idam 

I n t e r n l  
+ or - 

99% 
Conf idcnce 

I n t e r n l  
+ or - 

*-: The confidence intervals shown are based on the obtained ample sizes and the size of the FARS driver 
population e l ig ib le  fo r  the study. Both are courted within the geographical bxnebries of each site. 
The confidence intervals p r t a i n  only. t o  prevalence rates based on the smples frorn within those 
bxnebries, i.e., the weighted prevalence rates. Conf idme intervals fo r  the smples including cases 
f ran outsi& the s i t e  bomdaries are not provided, for  the populations they represent are rabiguous. 



Appendix J 

Derivation of Relative Risk from Responsibility Rates 

From Terhune (1983), we get the following: 

f Estimated relative risk of causing a crash with drugi= 

No. rtswnsible drivers with dmi- 
No. nonresponriblt drivers with d r q  x No. responsible drugfree drivers 

Let A= NO. responsible drivers with drug, 
B= No. nonresponsible drivers with drug, 
C= No. responsible drugfree drivers 
D= No. nonresponsible drugfree drivers 

Equation (Jl) becomes (A/B) * (D/C) 

Now, the responsibility rate of the drugfree group= 

ro= C/(C + D) 

and l/ro= 1 + D/C 

Similarly, the responsibilty rate of the drugi group= 

ri= A/ (A + B) 
and l/ri= 1 + B/A 

From (53) we get, D/C= (1 - ro)/ro 
From (54) we get, A/B= r,/(l - ri) 

Entering equations (J5) and (56) into (52) , 
Estimated relative risk of causing a crash with drugi= 



r prunf rn  drivers 

. . 
- Appendix X . 

D i s t r i M i m  of Drivers in  Relatian t o  Cnrh R-ibility 

Rcsoonsfbilftv C r a r ~  
R c r p ~ l r i b i  L i t y  Respm~ ib i l i t y  

= 0-2 = 3-4 

privers with 1 sirbstanee onlv i n  s v s t n  
Alcohol: BAC ~0.10% 

I Alcohol: ' B+C U . 1 0 ~  
Delta-9 THC 
Carboxy 1 HCZ 
~ o c a i  n/Bcruoylugorii ne 

pr ivers with alcohol-dram canbination 
Alcohol L delta-9 THC' 
Alcohol L carboxy-1 HC? 
Alcohol L cocaine/kntoylugonine 
Alcohol L rrphetmnim 
Alcohol L 1 other not .bo5e4 
Alcohol L 2 or m r e  other 

privers with non-alcohol canbinations 
2 drugsw 
3 or -re drugs 7 

Total 

notes - 
'uith or without carboxy THC 

% i t hw t  THC 

31ncluder kntodiazepines (18 drivers), barbiturates (61, m t i h i s t a i m  (6).  nrrcot ic uul@esics (5). end 
risceliurcous others 

41rvludcr bcnrodiazepim (18 drivers), barbiturates (a), m t i h i a t u i m  (3). wd r iseellwwour others 

61ncludcr. b r b i t u r a t a  (7 drivers), beruodiazepim (5). t .mrbis 4 ,  r p h e t m i m  4 
r i u e l  lncour others 

7 ~ n c l h  r p h e t m i m  (41, cocaine (3). -is (2) ud r iseell- others- 




