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ABSTRACT: Results are presented of a comprehensive drug study carried out on specimens from 
drivers and pedestrians fatally injured in Ontario. Toxicological analyses were regularly performed 
on blood and urine and occasionally on vitreous humor, stomach contents, and liver. The 
analytical procedures could detect and quantitate a wide variety of drugs including such illicit 
drugs as Cannabis. With respect to drivers, alcohol was found in 57% of the study sample and 
drugs other than alcohol, in 26%. However, in only 9.5% of the drivers were psychoactive drugs 
(other than alcohol) detected in the blood in concentrations that may adversely affect driving 
skills. A-9-Tetrahydrocannabinol and diazepam accounted for a majority of the findings in this 
category. 

KEYWORDS: toxicology, driving, traffic safety 

It is generally recognized that many drugs can impair driving ability and thus potentially 
contribute to accidents. However, data on the involvement of drugs in individuals involved in 
collisions are not readily available. No such studies of traffic fatalities have been reported 
from Canada, and only a few reports have been published from the United States [1-3]. 

The present study supplements existing knowledge on this subject by investigating an ade- 
quate sample of traffic victims and by using a comprehensive toxicological screening ap- 
proach designed to detect a wide variety of drugs, including such illicit drugs as Cannabis. It 
was hoped that the results of this work would provide baseline data and indicate the direction 
of future research in the field of drugs and traffic safety. 

Materials and Methods 

All drivers (768) and pedestrians (263) fatally injured in traffic accidents in the Province of 
Ontario between April 1978 and March 1979 were investigated. Of these 1031 victims, only 
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401 drivers and 83 pedestrians met the criteria for inclusion in the study. Excluded were chil- 
dren younger than 14 years (71 cases), victims who died more than 1 h after admission to the 
hospital (159), victims from whom both blood and urine specimens were not available (302), 
and those from whom the specimens submitted were otherwise inadequate (15). 

At autopsy, blood samples were collected whenever possible from intact vessels or cham- 
bers of the heart. Vitreous humor was removed from both eyes and combined. Specimens for 
alcohol analyses contained sodium fluoride and sodium citrate (approximately 1 and 0.5%, 
respectively) as anticoagulant/preservative. 

Toxicological analyses were regularly carried out on blood and urine and occasionally on 
vitreous humor, stomach contents, and liver. Six screening procedures were uniformly ap- 
plied to specimens from each case: 

1. Alcohol was determined in blood, urine, and vitreous humor by a semiautomated, 
headspace, gas-chromatographic (GLC) method using tertiary butanol as internal standard 
for simultaneous quantitation [4]. 

2. Barbiturates were detected and quantitated in blood by the combination of ultraviolet 
(UV) differential and GLC techniques [5] having a detection limit of 1.5 mg/L. 

3. Basic and neutral drugs were screened in 2 mL of blood and urine by a semiautomated, 
GLC procedure using nitrogen/phosphorus detectors [6, 7] with an average detection limit of 
approximately 0.2 mg/L. 

4. Basic, neutral, and acidic drugs were analyzed in 30 mL of urine by the initial separa- 
tion of the respective fractions and the application of standard UV and thin-layer chroma- 
tographic (TLC) techniques [8]. In addition, color tests for salicylate, bromide, and tri- 
chlorocompounds [8], phenothiazines [9], acetaminophen [10], ethchlorvynol [11], and im- 
ipramine [12] were regularly applied directly to the urine. 

5. Chlordiazepoxide and oxazepam were screened in blood by a method utilizing the 
Bratton-Marshal reaction [13] and having a detection limit of 0.5 mg/L. 

6. Morphine 4 (and cross-reacting narcotic analgesics), benzoylecgonine, 4 lysergic acid di- 
ethylamide (LSD), 5 and cannabinoids 5 were screened in urine and vitreous humor by 
commercially available radioimmunoassay (RIA) procedures. 

The detection limits ("cutoff" concentrations) were as follows: 

(a) morphine, codeine--0.04 mg/L, 
(b) benzoylecgonine--0.1 mg/L, 
(c) LSD--0.001 rag/L, and 
(d) cannabinoids (expressed as A9-tetrahydrocannabinol [THC]--0.012 mg/L. 

Drugs (other than alcohol and cannabinoids) were quantitated in blood and liver tissue. 
Positive cannabinoid findings in urine were followed by the determination of THC in blood 
by a GLC/mass spectrometric (GLC/MS) procedure similar to that reported by Rosenthal 
and Brine [14]. Basic and neutral drugs were usually quantitated by GLC (flame ionization, 
electron capture, or nitrogen/phosphorus detectors) using co-extracted aqueous standards 
for calculation of results. Salicylate was estimated by a UV procedure [15], and ace- 
taminophen [16], chlordiazepoxide, and oxazepam [17] were quantitated by high pressure 
liquid chromatography (HPLC). When required, further identification of drugs was ac- 
complished by GLC/MS (Hewlett-Packard, Model HP5980A mass spectrometer). 

4Abuscreen, Roche Diagnostics, Division of Hoffmann-LaRoche, Inc., Nutley, NJ. 
SCollaborative Research Inc., 1365 Main Street, Waltham, MA. The sale of these products has since 

been discontinued. 
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Results and Discussion 

The overall incidence of alcohol and drugs in the study sample comprising 484 traffic vic- 
tims is illustrated in Fig. 1. The data were derived from all drug findings (other than caffeine 
and nicotine) obtained from blood or other body samples. Drugs were detected in 26% and 
alcohol (ethyl) in 57% of the drivers. In only 31% of the drivers could neither alcohol or 
drugs be detected. 

Alcohol was the most frequent finding, having been detected in drivers with more than 
twice the frequency of all the other drugs combined. The blood alcohol concentrations 
(BAC) of the 269 drivers and pedestrians ranged between 80 and 4360 mg/L. In drivers, the 
mean BAC was 1630 mg/L and in pedestrians, 1450 mg/L. Forty-nine percent of all drivers 
(85.8% of the drinking drivers) had a BAC in excess of 800 rag/L, the Canadian statutory 
limit with respect to driving. The correlation of the alcohol concentrations in blood, urine, 
and vitreous humor specimens of these traffic victims will be the subject of a separate report. 6 

The frequencies of detection of drugs (other than alcohol) found in blood or other body 
samples are given in Table 1. Although 34 different drugs were detected (assuming that 
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FIG. 1--Overall incidence of ethyl alcohol and drugs in traffic victims (percent of study sample in 
parentheses). 

6presented at the 33rd Annual Meeting of the American Academy of Forensic Sciences, Los Angeles, 
1981 
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TABLE 1--Incidence of individual drugs. 

Number of Detections % of Study Sample 

Drivers, Pedestrians, Drivers, Pedestrians 
Drug n = 401 n = 83 n = 401 n = 83 

% of Drug-Positive 
Sample 

Drivers, Pedestrians, 
n = 105 n = 24 

Cannabinoids and 
metabolites 48 11 12.0 

Salicylate 26 6 6.5 
THC 15 1 3.7 
Diazepam 12 4 3.0 
Nordiazepam 9 4 2.2 
Codeine 7 1 1.7 
Acetaminophen 5 0 1.2 
Diphenhydramine 3 0 0.7 
Amitriptyline 2 1 0.5 
Brompheniramine 2 1 0.5 
Dextromethorphan 2 0 0.5 
LSD metabolites 2 0 0.5 
Oxazepam 2 0 0.5 
Pheniramine 2 0 0.5 
Trifluoperazine 2 0 0.5 
Acetone l 0 0.2 
Benzoylecgonine 1 0 0.2 
Benztropine 1 0 0.2 
Chlordiazepoxide 1 0 0.2 
Diethylpropion 

metabolite 1 0 0.2 
Diphenylpyraline 1 0 0.2 
Diphenylhydantoin 1 2 0.2 
Hydrocodone l 0 0.2 
Maprotiline 1 0 0.2 
Meprobamate l 0 0.2 
Methaqualone 1 0 0.2 
Phenindamine 1 0 0.2 
Propoxyphene 1 0 0.2 
Propanolol 1 0 0.2 
Protriptyline 1 0 0.2 
Quinine 1 0 0.2 
Theophylline 1 0 0.2 
Doxepin 0 1 . . .  
Naproxen 0 1 . . .  
Phenobarbital 0 4 . .. 
Primaclone 0 t . . .  
Total 156 38 . . .  

13.2 
7.2 
1.2 
4.8 
4.8 
1.2 

1.2 
1.2 

2.4 

1.2 
4.8 
1.2 

45.7 45.8 
24.8 25.0 
14.2 4.2 
11.4 16.6 
8.6 16.6 
6.6 4.2 
4.8 . . .  
2.9 
1.9 
1 . 9  4.2 
1.9 . . .  
1.9 . . .  
1.9 . . .  
1.9 . . .  
1.9 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  

1.0 . . .  
1.0 
1.0 8.3 
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 . . .  
1.0 

45 
. . .  4.2 
. . .  16.3 
. . .  4.2 

n o r d i a z e p a m  f ind ings  were t he  resul t  of  d i a z e p a m  admin i s t r a t ion ) ,  only 15 were f o u n d  in 

more  t h a n  one  vic t im.  It  is in t e res t ing  to no te  t h a t  t he  two mos t  f r e q u e n t l y  de t ec t ed  psycho-  

active d rugs  were T H C  a n d  d i a z e p a m  in t he  driver  fatal i t ies  a n d  d i a z e p a m  a n d  p h e n o b a r b i t a l  

in t he  pedes t r i ans .  

T h e  total  n u m b e r  of  de tec t ions  (194) exceeds  t he  n u m b e r  of drug-pos i t ive  v ic t ims  (129) 

because  of metab01ite  a n d  mul t ip l e  d r u g  f ind ings .  T h e  lat ter ,  however ,  were i n f r e q u e n t :  

81 .4% of t he  drug-pos i t ive  v ic t ims h a d  only one d r u g  (Tab le  2). 

T h e  resu l t s  of  toxicological  e x a m i n a t i o n s  of t he  61 driver  a n d  13 pedes t r i an  v ic t ims  in 

w h o m  d rugs  were de t ec t ed  in t he  blood or liver t i ssue  are shown  in Tab le s  3 a n d  4. In  these  

compi la t ions  (as well as in t h e  s u b s e q u e n t  tables) ,  concen t r a t i ons  de s igna t ed  as " t r a c e "  are  

0.001 to 0.002 mg/L for  T H C ;  50 to 200 m g / L  for e thyl  alcohol;  less t h a n  10 m g / L  or kg  for  

salicylate; a n d  typically less t h a n  0.05 m g / L  or kg  for t he  o the r  d rugs .  Liver c o n c e n t r a t i o n s  
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TABLE 2--Number of drugs per case. 

Number of Drugs a'b Frequency, 
Per Case Number of Cases % 

1 105 81.4 
2 17 13.1 
3 3 2.3 
4 3 2.3 
5 1 0.8 

a Excluding ethanol. 
bExcluding metabolites when detected with the parent 

drug. 
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TABLE 3--Toxicological data for drivers. 

Case Age/Sex Drugs 

Concentration in 
Impairment 

Blood, Liver, Rating, 
mg/L mg/kg Drugs a 

1 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 

18/m THC 0.002 na b 1 
ethanol 200 na 

18/m THC 0.005 na 1 
17/m THC trace na 1 

ethanol 1560 na 
21/m THC trace na 1 

ethanol 750 na 
22/m THC 0.002 na 1 

ethanol 2730 na 
20/m THC 0.005 na 1 

ethanol 2360 na 
29/m THC trace na 1 

ethanol 830 na 
16/m THC trace na 1 

ethanol 390 na 
19/m THC 0.002 na 1 

ethanol 1710 na 
21/m THC 0.002 na 1 

ethanol 2710 na 
21/m THC trace na 1 

ethanol 2190 
18/m THC trace na 1 

ethanol 3120 na 
20/f THC trace na 1 

diphenhydramine trace 0.20 
codeine trace negative 

24/m THC trace na 1 
ethanol 360 na 

19/m THC trace na 1 
ethanol 1060 na 

71/m diazepam 0.10 0.26 1 
nordiazepam 0.10 0.34 

56/m diazepam 0.30 1.3 2 
nordiazepam negative 1.6 
ethanol 1860 na 

78/m diazepam 0.35 trace 2 
39/f diazepam 0.40 na 2 

nordiazepam trace na 
ethanol 1650 na 
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TABLE 3--(con.) 

Case Age/Sex Drugs 

Concentration in 

Blood, Liver, 
mg/L mg/kg 

Impairment 
Rating, 
Drugs a 

20 34/m diazepam 
ethanol 

21 65/m diazepam 
nordiazepam 
maprotiline 

22 79/m diazepam 
salieylate 

23 49/f diazepam 
nordiazepam 
brompheniramine 
codeine 
acetaminophen 

24 26/f diazepam 
diphenylhydantoin 

25 32/m diazepam 
ethanol 

26 40/m diazepam 
27 22/m diazepam 

nordiazepam 
ethanol 

28 26/f trifluoperazine 
29 41/f amitriptyline 

salicylate 
30 42/m amitriptyline 
31 26/m benzoyleegonine 

ethanol 
32 46/m protriptyline 
33 31/m oxazapem 

trifluoperazine e 
benztropine c 

34 26/m phenindamine 
salicylate 
ethanol 

35 24/m quinine 
ethanol 

36 50/m chlordiazepoxide 
ethanol 

37 47/m methaqualone 
salicylate c 

38 62/m propranolol 
ethanol 

39 61/m dextromethorphan 
diphenhydramine 
ethanol 

40 26/m dextromethorphan 
pheniramine 

41 22/f brompheniramine 
salicylate c 
codeine c 

42 65/m propoxyphene 
ethanol 

43 74/m meprobamate 
theophylline 
codeine 
salicylate ~ 

44 25/m salicylate 
45 15/m salicylate 

0.07 negative 
2010 na 
0.06 trace 
0.09 0.30 
0.20 0.60 
trace trace 
20 15 
0.20 na 
0.40 na 
trace na 
trace na 
trace na 
trace trace 
0.40 7.3 
0.30 0.15 
1030 na 
0.10 na 
0.40 0.30 
negative 0.30 
1750 na 
negative 0.26 
trace 4.0 
20 negative 
0.30 na 
trace na 
2160 na 
trace 6.0 
0.30 trace 
negative negative 
negative negative 
trace 3.4 
92 64 
560 na 
0.80 3.2 
1630 na 
1.0 negative 
2240 na 
3.0 3.0 
negative negative 
0.30 1.3 
trace na 
0.15 1.0 
negative trace 
1620 na 
2.9 18.4 
0.65 3.1 
negative trace 
negative negative 
negative negative 
trace 0.90 
2770 na 
6.0 na 
4.0 na 
trace na 
negative negative 
20 na 
30 na 
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TABLE 3--(con.) 

Case Age/Sex Drugs 

Concentration in 
Impairment 

Blood, Liver, Rating, 
mg/L mg/kg Drugs" 

46 47/m salicylate 50 40 0 
ethanol 830 na 

47 21/m salicylate 10 negative 0 
lidocaine a positive na 
ethanol 450 na 

48 15/m salicylate 15 na 0 
49 20/f salicylate 27 trace 0 

ethanol 1340 na 
50 56/m salicylate 15 negative 0 

acetaminophen 18 negative 
51 29/f salicylate 45 35 0 
52 69/m salicylate 20 negative 0 

codeine c negative negative 
53 66/m salicylate 25 trace 0 
54 33/m salicylate 10 trace 0 
55 17/m salicylate 20 negative 0 
56 52/m salicylate trace negative 0 
57 16/m salicylate 25 15 0 
58 29/m salicylate 15 negative 0 
59 24/m acetaminophen 12 na 0 

ethanol 1270 na 
60 35/f acetaminophen 9 26 0 
61 39/m acetaminophen 15 na 0 

ethanol 880 na 

aRating is an estimate with respect to adverse effect of drug(s) on driving ability and 
excludes the role of ethanol when present: 0 ---- no adverse effects expeeted; 1 ----- adverse 
effects possible; 2 = adverse effects likely. 

bna = not analyzed. 
ePositive in urine. 
dResuscitative administration. 

were determined for all drugs other than THC to obtain blood and liver correlation data. 
Such information is not readily available for this type of case and is occasionally useful in 
practice. As expected, the liver concentrations of basic drugs, in most instances, were higher 
than the corresponding levels in blood. On the other hand, salicylate concentrations were 
usually lower in the liver tissue. 

The THC blood concentrations in the 16 victims (Tables 3 and 4) ranged between trace 
and 0.005 mg/L.  Considering that the drug was determined in hemolyzed whole blood 
(plasma THC levels would be expected to be higher), these THC blood concentrations in the 
traffic victims are consistent with low to moderate doses of Cannabis (5 to 15 mg THC) 
smoked within several hours of the fatal accident [18,19]. Since the pharmacological effects 
from smoking Cannabis may last 2 or 3 h [20], the possibility that the THC blood concentra- 
tions detected in the drivers adversely affected their ability to drive safely must be consid- 
ered. It should be noted that 14 of the 16 THC-positive victims also had consumed alcohol 
and had BACs between trace and 3120 mg/L,  with an average of 1433.5 mg/L. Drugs other 
than alcohol were found in only one case (Case 13), and THC alone also in one case (2). All 
but one of the THC-positive victims were males, and all were young, ranging in age between 
17 and 29 years (average, 20 years). 

Diazepam blood concentrations of the 16 victims listed in Tables 3 and 4 ranged between 
trace and 0.40 mg/L.  A recent review of research on the effects of diazepam on driving- 
related skills [21] has shown that therapeutic doses of this drug can impair human perfor- 
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TABLE 4--Toxicological data for pedestrians. 

Concentration in 

Blood, Liver, 
Case Age/Sex Drugs mg/L mg/kg 

62 20/m THC 0.003 na ~ 
ethanol trace na 

63 15/rn diazepam 0.30 1.5 
ethanol 1160 na 

64 69/m diazepam 0.10 0.40 
nordiazepam 0.20 1.5 
salicylate 25 trace 
ethanol 1830 na 

65 S3/f diazepam trace 1.3 
nordiazepam negative 1.4 
anaitdptyline trace 3.9 
doxepin trace 1.2 
codeine trace negative 
salicylate 45 25 
ethanol 860 na 

66 37/rn diazepam trace trace 
nordiazepam 0.30 1.9 
ethanol 4360 na 

67 27/f phenobarbital 25.0 na 
diphenylhydantoin 1.3 na 

68 19/m phenobarbital 7.0 na 
69 34/f phenobarbital 15.0 12.0 

prirnaclone 7.0 trace 
70 27/m phenobarbital 18.0 10.0 

diphenylhydantoin 6.4 4.6 
71 31/m brompheniramine negative 0.50 

salicylate b negative negative 
72 19/m salicylate 20 trace 

ethanol 290 na 
73 53/m salciylate 20 trace 
74 72/m salicylate 25 trace 

ana = not analyzed. 
bpositive in urine. 

mance. In seven of the drivers (Table 3), the blood diazepam concentrations are consistent 
with normal therapeutic doses (Cases 16, 20, 21, 22, 23, 24, and 26). In the remaining five 
drivers (Cases 17, 18, 19, 25, and 27), the higher blood diazepam concentrations and the ab- 
sence (or low level) of its metabolite in the blood suggest larger doses not taken chronically. 
Under these conditions, the victims would be more prone to exhibit the impairing effects of 
this drug [22]. In 9 of the 16 cases (Tables 3 and 4), diazepam was combined with alcohol 
(average BAC of 1834.4 mg/L) and, in six cases, with therapeutic blood concentrations of 
other drugs. Diazepam alone was found in three drivers. In contrast to the Cannabis users, 
the average age of the 16 diazepam-positive victims was 53 years (range between 15 and 79). 

Other psychoactive drugs were detected with much lower frequency. In one driver (Case 
30), the blood concentration of amitriptyline is a little above the normal therapeutic range 
[23] and could be expected to cause impairment [24]. Similarly, the blood concentration of 
propranolol (Case 38) is slightly above the normal therapeutic range [25]. Results of a recent 
study of the effect of propranolol on human psychomotor function indicate that when acutely 
administered, single doses of this drug can result in some decrease in performance [26]. 
Worthy of note are the two drivers (Cases 39 and 40) in whom dextromethorphan was de- 
tected. While this drug would not likely cause impairment when used in therapeutic doses, 
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the blood concentrations found in both these drivers are grossly elevated [27] and indicate an 
abuse of this drug. In view of this, adverse effects related to depressed central nervous 
system function could be expected [28]. The remaining drugs shown in Tables 2 and 3 were 
detected in therapeutic blood concentrations. 

Not listed in Tables 2 and 3 are traffic victims in whom drugs were detected only in the 
urine, and a majority of these case (43 victims) involve findings of cannabinoid metabolites. 
While these findings identify the victims as previous Cannabis users, no behavioral impair- 
ment at the time of their accident would be expected because there were no detectable levels 
of THC in the blood. In two other cases (both young drivers) the presence of LSD metabolite 
was indicated in the urine. 

As mentioned earlier, 547 cases were excluded from the drug incidence study. Many of 
these, however, were subjected to toxicological examination, and the results obtained in se- 
lected cases are given in Table 5 for the drivers and Table 6 for the pedestrians. In several of 
these victims (Cases 5, 16, 18, 25, 26, and 27) the drugs found were the result of admin- 
istrations in the hospital after the accident; these are given for their toxicological interest only. 

In Table 5, both cases in which THC was detected (Cases 1 and 2) are noteworthy. In the 
first, the THC blood concentration of 0.035 mg/L is the highest found in this work. Several 
joints were found in the car, one of which was only partially smoked. It is possible that the 
driver was smoking just before the crash. The second case involved a driver who survived for 
about 4 h after accident. In view of this, the THC blood concentration at the time of the col- 
lision could have been considerably higher [18,19]. Also of special interest is Case 15 since it 
represents the only amphetamine occurrence in this study. The amphetamine blood concen- 
tration in this victim is above the normal therapeutic range [29] and, in a study by Bon- 
nischsen et al [30], was associated with a driver considered to be under the influence of this 
drug. 

To evaluate the suitability of vitreous humor for the analysis of cannabinoids, that speci- 
men was screened by RIA in 34 cases in which cannabinoids were detected, 9 of which had 
detectable THC concentrations in the blood (trace to 0.005 mg/L). All analyses of the vitre- 
ous humor gave negative results. This was somewhat surprising since the RIA employed for 
the analyses is capable of detecting not only THC but also its major metabolite, ll-nor-9- 
carboxy-THC [31]. While the THC blood concentrations in the cases studied are below the 
detection limit of the RIA, the corresponding blood concentrations of the carboxy metabolite 
would be expected to be significantly higher and persist in the blood for a longer period of 
time [32]. Although further work is required before definite conclusions can be reached, the 
results of this limited study indicate that vitreous humor is not a suitable specimen for the 
screening of cannabinoids. 

Conclusions 

The data obtained in this study are believed to reflect the true incidence of drug involve- 
ment in drivers and pedestrians killed in traffic accidents in Ontario. Although the study 
sample (484 victims) represents only 47% of the total number of victims (1031), an assess- 
ment of the excluded category led to the conclusion that whatever discrepancies may have 
been between the two groups were unlikely to be sufficient to bias the results significantly. 

Not unexpectedly, alcohol dominates all the other drugs found in this study. More than 
twice as many drivers (57%) had been using alcohol than all other drugs combined (26%), 
and most of the drinking drivers (85.8%) had a BAC exceeding the Canadian statuatory 
limit of 800 mg/L. Undoubtedly, alcohol is the major drug problem with respect to traffic 
safety. 

Drugs other than alcohol were found in 26% of the fatally injured drivers and 29% of the 
killed pedestrians. However, in only 9.5% of the drivers (38 cases) were psychoactive drugs 
detected in the blood in concentrations that may adversely affect driving skills. THC (15 
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TABLE 5--Toxicological data for selected drivers exeluded j?om incidence study. 

Concentration in 

Blood Liver 
Case Age/Sex Drugs mg/L mg/kg Reason for Exclusion 

1 23/rn THC 0.035 na a urine not available 
ethanol 1600 na 

2 29/f THC trace na died more than 1 h after 
admission 

3 56/f diazepam 0.07 negative urine not available 
nordiazepam 0.04 negative 
chlorpheniramine trace 1.5 
amitriptyline trace trace 
chlordiazepoxide neg trace 

4 21/f diazepam trace trace urine not available 
nordiazepam trace trace 
ethanol 1600 na 

5 36/m diazepam trace trace drug given in hospital 
6 34/m diazepam 0.07 negative died more than 1 h after 

admission 
ethanol 2010 na 

7 47/m diazepam 0.10 0.30 died more than 1 h after 
admission 

amitriptyline 0.20 11.0 
8 50/m chlordiazepoxide 0.16 na urine not available 
9 32/m chlordiazepoxide 1.4 2.4 urine not available 

ethanol 1700 na 
10 40/m chtordiazepoxide 1.1 3.7 urine not available 

ethanol 1670 na 
11 23/m chlordiazepoxide 1.0 3.0 died more than 1 h after 

admission 
acetone 40 na 
isopropanol 50 na 
ethanol 1230 na 
cannabinoids b negative na 

12 60/f amitriptyline trace negative urine not available 
ethanol 1390 na 

13 51/m propoxyphene 0.20 1.3 urine not available 
salicylate 10 trace 

14 27/m meprobamate 14.0 84.0 urine not available 
ethanol 2090 na 

15 60/f amphetamine 0.20 0.40 urine not available 
16 20/m meperidine 0.80 0.30 meperidine and lidocaine 

lidocaine 1.4 0.20 given in hospital 
ethanol trace na died more than 1 h after 

admission 
cannabinoids b negative negative 

17 23/f barbiturate 2.0 2.0 urine not available 
18 23/m nikethamide 90.0 trace nikethamide given in 

ethanol 1650 . . .  hospital; died more than 
1 h after admission 

19 43/m trimipramine 0.48 na urine not available 
ethanol 580 na 

aria = not analyzed. 
bpositive in urine. 
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TABLE 6--Toxicological data for selected pedestrians excluded from incidence study. 

Concentration in 

Blood Liver 
Case Age/Sex Drugs mg/L mg/kg Reason for Exclusion 

20 34/m THC trace na a urine not available 
ethanol 1650 na 

21 I8/m diazepam 0.10 na urine not available 
22 75/m chlordiazepoxide 0.80 2.7 urine not available 

ethanol 1360 na 
23 71/f oxazepam 0.60 na urine not available 
24 26/m amobarbital- 

secobarbital 5.5 b 16.0 b urine not available 
ethanol 1470 na 

25 76/f meperidine O. 19 0.35 drugs given, in hospital 
lidocaine 0.78 0.20 

26 58/f meperidine 0.80 0.90 given in hospital 
27 62/m morphine trace negative given in hospital 

"na = analyzed. 
bTotal barbiturate concentration. 

cases) and diazepam (12 cases) accounted for a majority (67.5%) of the findings in this cate- 
gory. THC was typically found (13 of the 15 cases) together with alcohol. 

The 9.5% incidence of potentially significant drug findings is not alarming but is of suffi- 
cient concern that drugs may represent a threat to traffic safety. Of greatest concern are 
Cannabis and diazepam, and the results of this study clearly indicate that these two drugs 
warrant priority for future traffic safety research. 

Finally, it must be clearly recognized that detection of any drug does not necessarily imply 
contribution of that drug to the collision. Such inferences could only be advanced after con- 
sideration of the circumstances of the crash as well as information on drug use in the popula- 
tion at risk. This information is not yet available. 
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