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Increased cannabInoIds concentratIons Found In specImens 
From Fatal avIatIon accIdents between 1997 and 2006

INTrOduCTION

Although �t rema�ns the most commonly used �ll�c�t 
drug �n the un�ted states cannab�s use has decl�ned 
sl�ghtly over the past 10 years.1, 2 however, the potency 
of cannab�s, as measured by delta-9-tetrahydrocannab�nol 
(thc) concentrat�ons, has nearly doubled from 1997 
to 2006.3 th�s �ncreased potency could result �n h�gher 
concentrat�ons of thc and �nc�dence of �mpa�rment �n 
persons work�ng �n the transportat�on �ndustry. It has 
also been reported that mar�juana use d�sorders among 
cannab�s users, wh�ch are already the most prevalent �l-
l�c�t substance use d�sorders �n the populat�on, �ncreased 
s�gn�ficantly (P=0.002) between 1991-1992 and 2001-
2002 �n the absence of �ncreased frequency and quant�ty 
of cannab�s use, suggest�ng that concom�tant �ncreased 
cannab�s potency may have contr�buted to the r�s�ng rates 
of cannab�s use d�sorders.4

recent stud�es have shown that cannab�s users choose 
to smoke h�gh-potency cannab�s more often than low-
potency cannab�s.5 h�gh-potency cannab�s users w�ll 
generally �ncrease the�r average thc �ntake.6 there are 
contrad�ctory reports that subjects do not regulate the�r 
cannab�s smoke �ntake �n response to changes �n cannab�s 
potency7 and that they do t�trate the�r �ntake.8 If cannab�s 
users do t�trate the amount of cannab�s used based on �ts 
potency, one would not expect a s�gn�ficant �ncrease �n the 
concentrat�on of cannab�no�ds found �n blood samples 
collected over a 10-year per�od dur�ng wh�ch the potency 
of the cannab�s s�gn�ficantly �ncreased. 

Most of the earl�er performance stud�es used low-
potency cannab�s, compared to the potency of cannab�s 
ava�lable today, and probably do not reflect the perfor-
mance �mpa�rment potent�al of h�gh-potency cannab�s.9 
stud�es conducted w�th h�gh-potency cannab�s have 
demonstrated cons�stent �mpa�rment of execut�ve func-
t�on, track�ng performance, and motor �mpulse control.6 
the �mpa�rment was shown to last for up to 6 hours after 
smok�ng. there �s other recent ev�dence that the use of 
cannab�s �s not harmless.4,10,11 

research has shown that thc concentrat�ons �n blood 
between 3.5-5.0 ng/ml (plasma 7-10 ng/ml) have an 
�mpa�r�ng effect on dr�vers equ�valent to a blood alcohol 
concentrat�ons 0.05%.12 the FAA proh�b�ts p�lots from 
operat�ng an a�rcraft w�th blood alcohol concentrat�ons 
at or above 0.04%. that ra�ses the quest�on of how many 

av�at�on acc�dents are found w�th p�lots hav�ng blood 
thc concentrat�ons at or above the �mpa�r�ng range, 
compared to fatal av�at�on acc�dents that occurred pr�or 
to the ava�lab�l�ty of h�gh-potency cannab�s.

th�s study was undertaken to compare the change 
�n reported cannab�s potency w�th changes �n the con-
centrat�ons of thc and �ts 11-nor-9-carboxy-thc 
(thc-cOOh) metabol�te found �n ur�ne and blood 
from fatal av�at�on acc�dents dur�ng the per�od from 
1997 to 2006.

mATErIAls ANd mEThOds

the c�v�l Aerospace Med�cal Inst�tute (cAMI) re-
ce�ves b�olog�cal flu�ds and t�ssues for tox�cology analy-
s�s from all av�at�on acc�dents that occur nat�onw�de. 
Blood spec�mens rece�ved from p�lots are screened for 
thc-cOOh by rad�o�mmunoassay (rIA) and ur�ne 
spec�mens by fluorescence polar�zat�on �mmunoassay 
(FPIA). sol�d phase extract�on �s used to �solate thc and 
thc-cOOh from blood and ur�ne. the confirmat�on 
and quant�tat�on of thc-cOOh �n ur�ne �s performed 
us�ng gas chromatography and electron �mpact mass spec-
trometry (Gc/Ms). thc and thc-cOOh �n blood 
are confirmed and quant�tated by negat�ve-�on chem�cal 
�on�zat�on Gc/Ms, based on a mod�ficat�on of a proce-
dure publ�shed �n 1983.13 the procedure used to analyze 
cannab�no�ds �ncludes deuterated �nternal standards and 
has a l�m�t of detect�on and a l�m�t of quant�tat�on of 1 
ng/ml �n blood and ur�ne. 

A 10-year per�od from 1997 to 2006 was selected for 
th�s study to correlate w�th data reported by the nat�onal 
Inst�tute on drug Abuse (nIdA) and the Office of 
nat�onal drug control Pol�cy (OndcP) on cannab�s 
potency.3 cannab�no�ds concentrat�ons �n blood and ur�ne 
were compared w�th the reported potency of cannab�s 
dur�ng the same t�me per�od.

rEsulTs

the pr�nc�pal find�ngs of th�s study are conta�ned 
�n tables 1-6. From 1997 through 2006, a total of 95 
(3.4%) �nd�v�duals where found to have used cannab�s 
of 2769 �nd�v�duals tested. Of the 95 cannab�no�ds-
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Table 1.  Demographics of the Study Subjects and Number of 
Cannabinoids-Positive and Negative Results.
Category N Age Mean SD Age Median Age Range
Males Positive 87 40 12 42 18-72
Males Negative 2543 50 15 51 14-92
Total 2630 50 15 50 14-92
Females Positive 8 36 9 39 24-45
Females Negative 120 44 15 44 17-77
Total 128 44 15 44 17-77
Undesignated Positive 0 NA NA NA NA
Undesignated Negative 11 36 9 39 19-44
Total 11 36 9 39 19-44
All Total Positive 95 40 12 42 18-72
All Total Negative 2674 50 15 51 14-92
All Total 2769 49 15 50 14-92

Table 2.  Cannabinoids-Positive Results in Blood by Year of Study.
9 THC ng/mL Blood TCH-COOH ng/mL Blood

Year N Mean SD Median Span Mean SD Median Span
1997 9 1.3 2.6 0.0 0.0-8.0 11.6 13.0 9.0 1.0-41.0
1998 7 0.9 1.9 0.0 0.0-5.0 4.7 4.2 2.0 1.0-11.0
1999 7 3.1 4.3 2.0 0.0-12.0 14.7 15.5 11.0 1.0-42.0
2000 8 3.9 4.7 2.0 0.0-13.0 9.1 16.2 2.0 1.0-48.0
2001 9 4.2 7.3 1.0 0.0-19.0 18.1 21.1 6.0 1.0-53.0
2002 6 1.0 2.0 0.0 0.0-5.0 3.8 4.8 1.0 0.0-11.0
2003 19 7.8 16.3 2.0 0.0-68.0 11.0 7.4 12.0 1.0-22.0
2004 7 9.9 15.4 2.0 0.0-37.0 20.9 32.5 10.0 1.0-92.0
2005 7 2.7 2.4 2.0 0.0-7.0 25.9 44.1 8.0 1.0-122.0
2006 9 14.8 20.5 5.0 2.0-65.0 56.0 67.3 28.0 8.0-179.0

Totals 88 5.5 11.7 1.5 0.0-68.0 17.5 30.6 8.5 0.0-179.0

Table 3. Cannabinoids-Positive Results in Urine by Year of Study.
TCH-COOH ng/mL Urine

Year N Mean SD Median Span
1997 10 98.0 211.8 26.0 2.0-695.0
1998 6 31.5 36.6 14.0 3.0-100.0
1999 8 98.5 161.5 43.5 10.0-493.0
2000 5 68.0 57.2 37.0 18.0-147.0
2001 6 142.0 131.1 83.0 40.0-388.0
2002 6 52.2 47.1 41.5 9.0-142.0
2003 11 113.9 178.6 29.0 3.0-600.0
2004 3 316.7 465.1 86.0 12.0-852.0
2005 6 182.2 203.8 87.0 31.0-543.0
2006 7 373.9 382.7 308.0 8.0-1113.0

Totals 68 137.9 218.9 45.5 2.0-1113.0
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Table 4.  Summary of Results in Urine for Cannabinoids and Other Impairing
 Drugs by Year of Study.

CasesTested Negative Positive Cannabinoids
Year for Cannabinoids Cannabinoids Cannabinoids & Other Drugs
1997 191 181 10 5
1998 176 170 6 2
1999 162 154 8 2
2000 163 158 5 2
2001 162 156 6 1
2002 150 144 6 1
2003 187 176 11 4
2004 159 156 3 3
2005 163 157 6 3
2006 137 130 7 3

Totals 1650 1582 68 26

Table 5.  Summary of Results in Blood for Cannabinoids and Other 
Impairing Drugs by Year of Study.

Positive
CasesTested Negative Positive Cannabinoids

Year for Cannabinoids Cannabinoids Cannabinoids & Other Drugs
1997 178 169 9 5
1998 140 133 7 2
1999 165 158 7 2
2000 163 155 8 3
2001 157 148 9 1
2002 168 162 6 1
2003 197 178 19 9
2004 179 172 7 5
2005 167 160 7 2
2006 162 153 9 5

Totals 1676 1588 88 35

Table 6. Ratio of Blood to Urine Cannabinoids.
Urine-Range Mean Blood Mean Blood Mean Urine Blood/Urine Blood THC
ng/mL THC THC-COOH THC-COOH THC-COOH /Urine

THC-COOH
0-9.0 0.8 3.5 4.9 1 6 8
10-14.0 5 4 12.1 3 2 8
Mean 2.9 3.8 8.5 2 4 8
SD 3.0 0.4 5.1 1.4 2.8 0
15.0-30.0 1.9 1.9 21.8 11 11 8
31.0-60.0 1 6.4 40.5 6 41 12
61.0-100.0 1.1 10.6 82.2 8 75 13
100.0-400.0 3.4 17.4 201.1 12 59 11
400.0-1113.0 13 55.4 662.3 12 51 8
Mean 4.1 18.3 201.6 9.8 47.4 10
SD 5.1 21.5 266.8 2.7 23.8 2.3

N
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 pos�t�ve �nd�v�duals, 39% were also found pos�t�ve for 
other �mpa�r�ng drugs. Blood was rece�ved for analys�s 
from 1676 fatal�t�es. ur�ne was rece�ved for analys�s from 
1650 fatally �njured �nd�v�duals. cannab�no�ds were found 
�n 88 (5.3%) of the 1676 blood spec�mens rece�ved for 
analys�s, and 64 of these were from p�lots. cannab�no�ds 
were found �n 68 (4.1%) of the 1650 ur�ne spec�mens 
rece�ved for analys�s; 57 of these were from p�lots. 

the med�an age for cannab�s users was 42 years among 
the fatally �njured av�at�on �nd�v�duals, w�th a range from 
18 to 72 (F�gure 1). For negat�ve cannab�no�ds �n blood 
and ur�ne spec�mens tested, the med�an age was 50 years, 
w�th a span from 14 to 92. More than half of the fatally 
�njured persons tested were 50 years or older, whereas 
80% of the cannab�s users were under 50.

thc concentrat�ons �n blood ranged from 0 to 
68ng/ml, w�th a mean of 5.5 ng/ml. thc-cOOh 
concentrat�ons �n blood ranged from 0 to 179 ng/ml, 
w�th a mean of 17.5 ng/ml. ur�ne concentrat�ons of 
thc-cOOh ranged from 2 to 1,113 ng/ml, w�th a 
mean of 137.9 ng/ml. 

Between 1997 and 2001, 8 pos�t�ve thc cases of 55 
pos�t�ve cannab�no�ds cases �n blood were at or above 3.5 
ng/ml, wh�le 20 of the reported 51 pos�t�ve cannab�s 
cases �n blood from 2002 to 2006 were at or above 3.5 
ng/ml. th�s �s more than a two-fold �ncrease over those 
years w�th lower cannab�s potency.

the data �nd�cated an approx�mately 1/10 blood/ur�ne 
thc-cOOh rat�o for ur�ne thc-cOOh concentra-
t�ons above 15 ng/ml. For ur�ne thc-cOOh concentra-
t�ons at or below 15 ng/ml, there was an approx�mately 
1/2 blood/ur�ne thc-cOOh rat�o. the rat�o of the 
mean blood thc concentrat�on to the mean ur�ne 
thc-cOOh concentrat�on for ur�ne spec�mens w�th 

thc-cOOh concentrat�ons at or below 15 ng/ml was 
1/3 and 1/50 for concentrat�ons above 15 ng/ml.

the mean concentrat�on of thc �n blood for the 
per�od 1997-2001 was 2.7 ng/ml �t was 7.2 ng/ml for 
2002-2006, a 2.7-fold �ncrease �n the mean thc concen-
trat�on of spec�mens from av�at�on fatal�t�es. the annual 
mean thc concentrat�on found �n blood �ncreased from 
1.3 ng/ml �n 1997 to 14.8 ng/ml �n 2006, an 11.3-fold 
�ncrease. the annual max�mum thc concentrat�on 
found �n blood �ncreased from 8 ng/ml �n 1997 to 65 
ng/ml �n 2006, an 8.1-fold �ncrease.

the mean concentrat�on of thc-cOOh �n blood 
for the per�od 1997-2001 was 11.6 ng/ml, and for 2002-
2006 �t was 23.5 ng/ml, a 2.0-fold �ncrease �n the mean 
thc-cOOh concentrat�on of spec�mens from av�at�on 
fatal�t�es. the annual mean thc-cOOh concentrat�on 
found �n blood �ncreased from 11.6 ng/ml �n 1997 to 
56.0 ng/ml �n 2006, a 4.8-fold �ncrease. the annual 
max�mum thc-cOOh concentrat�on found �n blood 
�ncreased from 41 ng/ml �n 1997 to 179 ng/ml �n 2006, 
a 4.4-fold �ncrease.

ur�ne spec�mens were rece�ved from 740 fatally �njured 
p�lots des�gnated as a�rl�ne transport or commerc�al p�lots, 
and 14 (1.9%) of the commerc�al p�lot cases exceeded 
the dOt workplace drug test�ng ur�ne thc-cOOh 
confirmat�on threshold (15 ng/ml).14 

no cannab�no�ds were found �n spec�mens from the 
a�rl�ne transport p�lots tested. e�ght (57%) fatally �njured 
commerc�al p�lots (�nclud�ng agr�cultural p�lots) found 
w�th a ur�ne thc-cOOh �n excess of the dOt work-
place drug test�ng ur�ne threshold were fly�ng pr�vate 
planes. ur�ne spec�mens from fatally �njured agr�cultural 
p�lots (Part 137) were found to exceed the dOt work-
place drug test�ng threshold thc-cOOh �n 5 (36%) 

Figure 1. Graphic display of age distribution for all fatal pilots and cannabis users. 
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of the thc-cOOh pos�t�ve cases. One fatally �njured 
commerc�al a�r tax� p�lot (Part 135) was found to exceed 
the dOt workplace drug test�ng ur�ne threshold for 
thc-cOOh.

In the present study, 61 of 2,769 cases (2.2%) were 
found to have ethanol at or above 40 mg/dl (0.04%) 
�n blood or ur�ne.

dIsCussION

the 2.7-fold �ncrease �n the mean blood thc con-
centrat�on found �n th�s study for the 1997-2001 and 
2002-2006 per�ods compares to a 1.5-fold �ncrease �n 
the mean thc concentrat�on of cannab�s reported by 
the nat�onal drug Intell�gence center (ndIc) for the 
1997-2001 and 2002-2006 per�ods. the reasons for 
th�s d�fference are presently unknown. the analyt�cal 
tox�cology procedures for thc and thc-cOOh used 
at cAMI rema�ned the same dur�ng the per�od of th�s 
study, as d�d the qual�ty assurance and qual�ty control 
procedures, �nclud�ng �nternal and external “bl�nd” per-
formance test�ng.

In 2006, 0.05 % of the �nd�v�duals (fl�ght crewmem-
bers) tested �n the FAA av�at�on �ndustry random drug 
test�ng program were found to be pos�t�ve for mar�juana;15 
6.0% of the commerc�al p�lots tested �n the cAMI forens�c 
drug test�ng laboratory (fatal av�at�on acc�dent p�lots) were 
pos�t�ve for thc-cOOh at or above the threshold of 15 
ng/ml thc-cOOh �n ur�ne . the commerc�al p�lots 
tested �n the cAMI forens�c tox�cology department for 
2006 were fly�ng pr�vate planes (Part 91) or crop dusters 
(Part 137). not all commerc�al p�lots (agr�cultural p�lots, 

for example) are requ�red to part�c�pate �n the random 
drug test�ng program. 

Government agenc�es and the sc�ent�fic l�terature re-
peatedly reported that the potency of cannab�s has been 
�ncreas�ng over the 10 years of th�s study.3, 16, 17 the mean 
concentrat�on of thc �n blood spec�mens from fatal 
av�at�on acc�dents tested by cAMI has also �ncreased 
over the last 10 years, but at a greater rate than mar�juana 
potency (F�gure 2). research conducted �n sweden also 
found an �ncrease �n the mean concentrat�on of thc �n 
blood from 1.8 to 2.3 ng/ml �n a 10-year (1995-2004) 
study of drug �mpa�red dr�vers.18

controlled laboratory exper�ments on dr�v�ng-related 
sk�lls reported �n the l�terature have shown that thc 
concentrat�ons between 2 and 5 ng/ml �n whole blood 
are assoc�ated w�th dr�ver �mpa�rment.19 serum thc 
concentrat�ons between 7-10 ng/ml (whole blood, ap-
prox�mately 3.5-5.0 ng/ml) have been compared to a 
blood alcohol concentrat�on of 0.05%,12 wh�ch exceeds 
the dOt alcohol threshold of 0.04% (BAc) for trans-
portat�on workers �n safety-sens�t�ve pos�t�ons. It �s clear 
that the use of h�gh-potency cannab�s could s�gn�ficantly 
alter the performance of an �nd�v�dual, assum�ng the blood 
thc concentrat�ons �ncrease correspond�ngly.

In a study �n norway, 589 (2.0%) samples of ap-
prox�mately 30,000 samples from �mpa�red dr�vers were 
found to conta�n only thc as the �mpa�r�ng drug.20 the 
norway ep�dem�olog�cal study �nd�cated an assoc�at�on 
of dr�v�ng �mpa�rment �n �nd�v�duals at or above 2.5 ng/
ml thc �n blood and found no �mpa�rment at blood 
thc concentrat�ons at or below 1.9 ng/ml �n suspected 
drugged dr�vers.20 th�s �s cons�stent w�th earl�er find�ngs 
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Figure 2. Increase in blood THC (ng/mL) and cannabis potency (% THC) 1997-2006. 
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of a l�near, dose-related, phys�olog�cal response to thc.21 
“Furthermore, dr�vers w�th blood thc concentrat�ons 
above 3 ng/ml had an �ncreased r�sk for be�ng judged 
�mpa�red compared to dr�vers w�th lower concentrat�on 
ranges . ”20 In our research, we found that approx�mately 
46 % (22/48) of the blood samples pos�t�ve for thc 
from 2002-2006 had concentrat�ons of thc greater 
than 3.5 ng/ml, whereas only 25 % (10/40) exceeded 
that concentrat�on between 1997 and 2001. 

Although there were only 95 cannab�no�ds-pos�t�ve 
cases reported �n th�s study, cannab�s use may be more 
prevalent �n the dr�v�ng populat�on and �n other modes 
of transportat�on. A 10-year study from 1995 to 2004 of 
drug �mpa�red dr�vers �n sweden found that 8,794 dr�v-
ers had thc �n the�r blood;18 const�tut�ng a proport�on 
r�s�ng from 18 to 29 % of all tested spec�mens dur�ng 
that decade. th�s suggests that the prevalence of thc 
�n the dr�v�ng populat�on �s far h�gher than we found �n 
av�at�on fatal�t�es. 

A study of 1,079 commerc�al tractor-tra�ler dr�vers �n 
the state of Wash�ngton found that 4.3% of the dr�vers 
were us�ng cannab�s, wh�le 1.3 % of the dr�vers were 
us�ng alcohol;22 cannab�s use �n truck dr�vers was 3.3 
t�mes as prevalent as alcohol use �n th�s 2002 report.22 
In our study of av�at�on fatal�t�es cannab�s use was found 
to be 1.7 t�mes greater than alcohol use at or above 40 
mg/dl �n blood or ur�ne. these find�ngs are contrary to 
the w�dely held percept�on that alcohol �s the most com-
monly abused drug �n transportat�on. It �s also �mportant 
to recogn�ze that some of the alcohol pos�t�ve cases found 
�n av�at�on fatal�t�es �n th�s study could have been the 
result of postmortem ethanol format�on.23

cannab�s use �n conjunct�on w�th other �mpa�r�ng sub-
stances such as alcohol has been reported to s�gn�ficantly 
�ncrease the dr�v�ng �mpa�rment of an �nd�v�dual and to 
cause �mpa�rment by cannab�s at much lower concentra-
t�ons than 3.5 ng/ml of thc �n whole blood.24 th�s 
study found that 39% of the pos�t�ve cannab�no�ds cases 
were also pos�t�ve for other �mpa�r�ng substances. 

In a study of thc pos�t�ve dr�vers �n sweden, the 
mean age was reported as 33 years, w�th a range of 15-66 
years.18 In our study, the mean age for cannab�s users was 
40 years for av�at�on fatal�t�es, w�th an age range of 18-
72. For all blood and ur�ne spec�mens tested at cAMI, 
the mean age was 50 years w�th a range of 14-92. More 
than half of all fatally �njured �nd�v�duals tested were 50 
years, or older; however, 80% of the cannab�no�ds users 
were under 50. It appears from these data that younger 
�nd�v�duals were more l�kely to be us�ng cannab�s �n 
av�at�on, just as �n the general populat�on. the dr�v�ng 
populat�on �s younger than the fly�ng populat�on, and 

would be more l�kely to use cannab�s and be subject to 
�mpa�rment from the effects of h�gh-potency cannab�s. 
the percentage of cannab�s users �n motor veh�cle ac-
c�dents could be greater than that found �n fatal av�at�on 
acc�dents because of the age d�fferences between dr�vers 
and p�lots, among other factors.

CONClusIONs

Members of the transportat�on �ndustry, government 
regulators, and the general publ�c should be �nformed of 
the �ncreased potent�al for �mpa�rment from the use of h�gh 
potency cannab�s currently ava�lable and be�ng used.

Further research should be conducted �n other modes 
of transportat�on to determ�ne the full extent of th�s trend 
and �ts overall �mpact on transportat�on acc�dents.

the typ�cal d�str�but�on of thc-cOOh �n blood/
ur�ne for ur�ne concentrat�ons of thc-cOOh above 15 
ng/ml �s approx�mately 1/10. For thc-cOOh ur�ne 
concentrat�ons at or below 15 ng/ml, the blood/ur�ne 
d�str�but�on was approx�mately 1/2.

From the data �n th�s study, the number of potent�ally 
thc-�mpa�red �nd�v�duals �nvolved �n fatal av�at�on ac-
c�dents �ncreased 1.8 t�mes from 1997 to 2006, reflect�ng 
the �ncreased number of �nd�v�duals w�th concentrat�ons 
above the reported �mpa�r�ng concentrat�on of thc �n 
blood. together w�th the other l�terature reports c�ted, 
th�s suggests that enhanced counter-measures may be war-
ranted to reduce the use of cannab�s by persons �nvolved 
�n transportat�on. 
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