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Abstract
Aims—To assess the role of drug violations in aviation accidents.

Design—Case-control analysis.

Setting—Commercial aviation in the United States.

Participants—Aviation employees who were tested for drugs during 1995 through 2005 under
the post-accident testing program (cases, n=4,977) or under the random testing program (controls,
n=1,129,922).

Measurements—Point prevalence of drug violations, odds ratio of accident involvement, and
attributable risk in the population. A drug violation was defined as a confirmed positive test for
marijuana (≥ 50 ng/ml), cocaine (≥ 300 ng/ml), amphetamines (≥1000 ng/ml), opiates (≥ 2000 ng/
ml), or phencyclidine (≥ 25 ng/ml).

Findings—The prevalence of drug violations was 0.64% [95% confidence interval (CI), 0.62–
0.65%] in random drug tests and 1.82% (95% CI, 1.47–2.24%) in post-accident tests. The odds of
accident involvement for employees who tested positive for drugs was almost three times the odds
for those who tested negative (odds ratio 2.90, 95% CI, 2.35–3.57), with an estimated attributable
risk of 1.2%. Marijuana accounted for 67.3% of the illicit drugs detected. The proportion of illicit
drugs represented by amphetamines increased progressively during the study period, from 3.4% in
1995 to 10.3% in 2005 (p<0.0001).

Conclusions—Use of illicit drugs by aviation employees is associated with a significantly
increased risk of accident involvement. Due to the very low prevalence, drug violations contribute
to only a small fraction of aviation accidents.
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INTRODUCTION
Drug testing programs started in the US military in the early 1980s following the 1981 USS
Nimitz crash, in which 7 of the 14 fatally injured crew members tested positive for
marijuana [1]. President Reagan initiated the federal drug-free workplace program in 1986
through Executive Order 12564, which made provisions for testing employees with safety-
sensitive functions for five illicit drugs: marijuana, cocaine, amphetamines, opiates, and
phencyclidine [2]. Since then, drug testing has become an increasingly common practice in
occupational settings. By 2004, about two-thirds of all US companies had established drug
testing programs [3]. Implementation of workplace drug testing programs has been linked to
reduced drug use by employees [4,5].

Despite the widespread adoption of drug-free workplace programs by employers, testing
employees for drugs is controversial [6]. In addition to legal, ethical, and economic
concerns, the effectiveness of mandatory drug testing in improving occupational safety has
not been well established [2, 7-10]. Empirical evidence suggests that the effectiveness of
drug-free workplace programs may vary among industries. Using data from the Fatality
Analysis Reporting System of the National Highway Safety Administration between 1983
and 1998, Jacobson estimated that mandatory drug testing in the trucking industry was
associated with a 9% reduction in crash fatalities [2]. Wickizer and colleagues analyzed
worker’s compensation claims data for the State of Washington from 1994 through 2000 and
found that implementation of drug-free workplace programs was associated with reduced
injury rates for employees working in the construction, manufacturing, and services
industries, but not for employees in the agriculture, transportation, finance, and other
industries [8].

The relationship between drug use behavior and safety performance has been studied
extensively in a variety of occupational settings [7,11-13]. It has been reported that postal
workers and truck drivers who use illicit drugs have significantly higher injury rates than
their respective counterparts [12,13]. Although mandatory drug testing programs have been
implemented in the U.S. aviation industry since 1990, there is a paucity of information about
the role of drugs in aviation accidents. With a case-control design, this study aims to assess
the association between drug violation rates and the risk of accident involvement in aviation
employees.

METHODS
Data for this study came from the annual reports of drug testing results submitted to the
FAA by aviation employers, including all major airlines (Part 121 certificate holders),
commuter air carriers and air taxi operators (Part 135 certificate holders), and air traffic
control facilities that are not operated by the FAA. Federal regulations mandate that aviation
employers report annual alcohol and drug test statistics to the FAA using standard protocols
and procedures [14]. The Drug Abatement Division of the FAA is responsible for
implementation of the Anti-Drug and Alcohol Misuse Prevention Programs for Personnel
Engaged in Specified Aviation Activities, including collecting, maintaining, and auditing
alcohol and drug testing data submitted by aviation employers. To ensure data quality and
accuracy, the FAA requires that the annual report be signed by a representative of the
employer and the original testing records be stored for at least five years and be made
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available to the federal agency for inspection upon request. False statements or reports may
constitute a criminal offense and are punishable by a fine up to $10,000 or up to 5 years of
prison, or both [14].

Drug tests under the federally mandated testing programs are performed by laboratories
certified by the US Department of Health and Human Services (HHS) according to the
procedures codified in 49 CFR Part 40 (“Procedures for Transportation Workplace Drug and
Alcohol Testing Program”) [14]. Aviation employees covered by the mandatory testing
programs are those performing safety-sensitive functions, including flight crewmembers,
flight attendants, flight instructors, aircraft dispatchers, aircraft maintenance personnel,
ground security coordinators, aviation screeners, and air traffic controllers. These employees
are subject to a standard set of drug testing programs. This study was based on data from
two programs: random testing and post-accident testing. Random testing is the predominant
program, accounting for 96% of all drug tests performed on aviation employees [15]. Each
year, at least 25% of employees are selected at random for drug testing immediately before,
during, or immediately after their work shift. Post-accident testing stipulates that all
employees whose performance may have contributed to the accident submit to drug testing
as soon as possible following the accident, but not later than 32 hours after the accident [16].
An aviation accident is defined by the US federal government as an event associated with
the operation of an aircraft in which any person suffers fatal or serious injury, or in which
the aircraft receives substantial damage[17]. About 5% of the accidents involving major
airlines and 20% of the accidents involving commuter air carriers and air taxis result in at
least one fatality [18].

Department of Transportation (DOT) drug tests are conducted using only urine specimens.
Urine collection must be conducted in such a place that will provide visual privacy for the
employee and minimize opportunities for adulteration or substitution of the specimen. The
security and integrity of the collection site is maintained by a trained and qualified collector,
who will also inspect specimens for any signs of tampering or substitution. The collector
will divide the specimen into primary and split samples and will send both samples to an
HHS-certified laboratory, which will test for marijuana, cocaine, amphetamines, opiates, and
phencyclidine using the primary sample. The laboratory will also complete validity testing
on the primary sample to determine if the specimen is consistent with human urine, and
whether it has been diluted, substituted, or adulterated. Specimens with drug concentrations
at or above the thresholds (marijuana ≥ 50 ng/ml, cocaine ≥ 300 ng/ml, amphetamines
≥1000ng/ml, opiates ≥ 2000 ng/ml, or phencyclidine ≥ 25 ng/ml) must undergo confirmation
testing. A test is considered positive only when the confirmation test result is at or above the
confirmation thresholds: marijuana ≥ 15 ng/ml, cocaine ≥ 150 ng/ml, amphetamines ≥ 500
ng/ml, opiates ≥ 2000 ng/ml, or phencyclidine ≥ 25 ng/ml. Drug testing results are reported
to the medical review officer, a physician knowledgeable in substance abuse disorders,
interpretation of drug and validity test results, and DOT guidelines, who will determine if
there is a legitimate medical explanation for a laboratory-confirmed positive, adulterated, or
substituted result, and will review and report these results to the employer. The employee
may request a test of the split specimen by a second laboratory for results that are positive or
when the specimen meets the criteria for substitution or adulteration [14, 19].

A drug violation refers to a confirmed positive test, refusal to submit to testing, adulterated/
substituted test, or shy bladder. A shy bladder is operationally defined as failure to provide a
sufficient amount of urine when directed if there is no adequate explanation following a
medical evaluation. Of the drug violations reported to the FAA, 91% were based on positive
urine tests, 6% due to refusals to submit to testing, and 3% due to adulterated/substituted
tests or shy bladders [15].
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The association between drug violation and the risk of accident involvement was assessed
with the case-control method. Employees who were tested post-accident served as the cases,
and employees who were tested under the random testing program during the same time
period served as the controls. The strength of the association between drug violation and the
risk of accident involvement was measured by the odds ratio (OR), which was computed
using the formula below [20]:

where a is the number of cases with drug violation; b, the number of controls with drug
violation; c, the number of cases without drug violation; and d, the number of controls
without drug violation. The OR would approximate the risk ratio if the selection of
employees for drug testing is unbiased and if accident involvement is a rare occurrence.
Unbiased selection entails that all employees with safety-sensitive functions who are
involved in accidents have the same chance of being selected for post-accident testing and
all covered employees have the same chance of being selected for random testing.

The contribution of drug violations to aviation accidents was measured by the attributable
risk in the population (AR), which was calculated using the formula below [20]:

where p denotes the prevalence of drug violations detected in random testing. The AR
represents the proportion of all aviation accidents that are attributable to drug violations. The
research protocol was reviewed and approved through exemption by the Columbia
University Medical Center’s institutional review board.

RESULTS
During 1995 through 2005, the FAA recorded a total of 4,977 post-accident drug tests and
1,129,922 random drug tests, which detected 91 and 7,211 drug violations, respectively. The
estimated odds ratio of accident involvement associated with drug violations was 2.90 [95%
confidence interval (CI), 2.35–3.57]. Given the estimated odds ratio, 2.90, and the
prevalence of drug violations based on the random testing data, 0.64% (7211/1129922), it
was estimated that 1.2% of aviation accidents were attributable to drug violations.

Occupation-specific drug testing data were available only for the years 2003–2005. Data
from the random testing program revealed that the prevalence of drug violations varied
substantially across occupations, ranging from 0.05% (95% CI, 0.03–0.06%) for flight crews
to 1.2% (95% CI, 0.62–1.98 %) for aviation screeners (Table 1). The estimated odds ratios
of accident involvement associated with drug violations ranged from 2.49 (95% CI, 1.68–
3.70) for aircraft maintenance personnel to 13.55 (95% CI, 3.26–56.42) for flight attendants
(Table 2). The overall estimated odds ratio based on the 2003-2005 data was 3.40 (95% CI,
2.42–4.75).

Of all the drugs detected by the mandatory testing programs during 1995 through 2005,
67.3% were marijuana, 23.9% were cocaine, 6.1% were amphetamines, 2.1% were opiates,
and 0.6% were phencyclidine. Although the prevalence of drug violations remained fairly
stable during the study period, the composition of detected drugs changed considerably (Fig.
1). Specifically, the proportion of illicit drugs accounted for by amphetamines increased
markedly, from 3.4% in 1995 to 10.3% in 2005 (p<0.0001), whereas the proportion
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accounted for by marijuana decreased from 68.4% to 62.2% (p=0.0001) during the same
time period (Fig. 1).

DISCUSSION
Substance abuse has long been recognized as one of the most important public health issues
in the U.S. Data from the National Household Survey on Drug Abuse indicate that about
15% of employees aged 18 years older reported using illicit drugs in the past year [21]. Data
from federally mandated random testing programs suggest that the overall point prevalence
of drug violations is approximately 7% for the general U.S. workforce and 2% for
employees with safety-sensitive functions [22]. Although previous studies have found that
employees with substance abuse problems tend to be at a greater risk for job-related injury
than other employees [12, 13], the role of drugs in occupational accidents has not been
adequately examined based on analytical epidemiological studies using drug testing data.
Results of this study indicate that aviation employees as a whole are much less likely to use
illicit drugs than employees in other transportation modes (e.g., trucking, transit, and
railway) and the general workforce [22]. Overall, less than 1% of the aviation employees
tested positive for illicit drugs under the random testing program. Drug violations are
especially rare in flight crews; on average, it takes about 2000 random tests to detect one
drug violation. Although the prevalence of employee drug violations in aviation is far lower
than in other industries, the patterns and time trends of drugs detected are similar across
occupations [22]. For instance, the increase in the use of amphetamines found in this study
has been well documented in the general population as well as in different occupational
groups [22, 23].

Contrasting the random testing data with the post-accident testing data enabled us to
quantitatively assess the association between drug violation and the risk of accident
involvement in aviation employees. The finding that aviation employees who test positive
for illicit drugs are at a significantly increased risk of being involved in accidents is
consistent with studies conducted in other industries [12, 13] and the estimated odds ratio is
comparable to that associated with alcohol violations [24]. The estimated attributable risk
suggests that drug violations play a very small role in aviation accidents, accounting for
approximately 1.2% of all aviation accidents.

It is worth noting that data in this study were limited to employees of major airlines,
commuter air carriers, and air taxis. General aviation, which accounts for over 90% of all
aviation accidents and fatalities [18], consists of noncommercial flights and thus is not
covered by the mandatory drug testing programs. Given the differences in demographic
characteristics, flight environments, and regulations between commercial aviation and
general aviation, findings from this study are unlikely to be applicable to private flights.
Secondly, our analysis relied on aggregated data reported to the FAA. In the absence of
individual-level data, we were unable to examine the prevalence of drug violations by
employee characteristics and assess the association between drug violation and the risk of
accident involvement with adequate adjustment for potential confounding variables. Our
stratification analysis based on occupations suggests that the estimated odds ratios of
accident involvement associated with drug violations tend to be greater for flight attendants
and flight crewmembers than for other aviation employees. Thirdly, one should not infer
causality directly from the association between drug violations and aviation accidents
reported in this study because a positive drug test post-accident does not necessarily mean
that the employee was under the influence of the drug at the time of accident. The detection
time of drugs in the urine varies from 24 hours for opiates to three months for marijuana,
depending on the dosage, route of administration, duration and frequency of drug use, and
other factors [25, 26]. Finally, the rarity of aviation accidents and the low prevalence of drug
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violations in aviation employees made the data too sparse for us to assess the relationship
between drug violation and the risk of accident involvement according to specific drug types
and different drug combinations.

Nevertheless, this study provides much-needed empirical data for understanding the role of
illicit drugs in aviation accidents and for evaluating the mandatory drug testing programs in
aviation employees. The estimated odds ratio, a measure of the strength of the association
between drug violations and aviation accidents, suggests that use of illicit drugs may triple
the risk of accident involvement. Although the strong association between drug violations
and aviation accidents is statistically significant, the role of illicit drugs in aviation accidents
appears to be very small, with only 1.2% of all aviation accidents attributable to drug
violations. Further research is needed to examine the possible impact on safety of the
increased use of amphetamines by aviation employees and determine the extent to which the
overall low prevalence of drug violations in aviation employees is due to the deterrent
effects of the various testing programs.

Acknowledgments
This work was supported by grant R01AA09963 from the National Institute on Alcohol Abuse and Alcoholism,
National Institutes of Health and by grant CCR302486 from the National Center for Injury Control and Prevention,
Centers for Disease Control and Prevention.

REFERENCES
1. Peat MA. Financial Viability of Screening for Drugs of Abuse. Clin Chem. 1995; 41:805–8.

[PubMed: 7729071]

2. Jacobson M. Drug testing in the trucking industry: the effect on highway safety. J Law Econ. 2003;
46:131–56.

3. American Management Association. AMA Survey 2004 Workplace Testing Survey: Medical
Testing. American Management Association; New York, NY: 2004.

4. French MT, Roebuck MC, Alexandre PK. To test or not to test: do workplace drug testing programs
discourage employee drug use? Soc Sci Res. 2004; 33:45–63. [PubMed: 15025064]

5. Carpenter CS. Workplace drug testing and worker drug use. Health Serv Res. 2007; 42:795–810.
[PubMed: 17362218]

6. Hirsch, RA. Drug and Alcohol Testing—A Survey of Labor-Management Relations. Transportation
Research Board; Washington, DC: 2001.

7. Levine MR, Rennie WP. Pre-employment urine drug testing of hospital employees: future questions
and review of current literature. Occup Environ Med. 2004; 61:318–24. [PubMed: 15031389]

8. Wickizer TM, Kopjar B, Franklin G, Joesch J. Do drug-free workplace programs prevent
occupational injuries? Evidence from Washington State. Health Ser Res. 2004; 39:91–110.

9. Fitzsimons MG, Baker KH, Lowenstein E, Zapol WM. Random drug testing to reduce the incidence
of addiction in anesthesia residents: preliminary results from one program. Anesth Analg. 2008;
107:630–5. [PubMed: 18633044]

10. Cashman CM, Ruotsalainen JH, Greiner BA, Beirne PV, Verbeek JH. Alcohol and drug screening
of occupational drivers for preventing injury. Cochrane Database Syst Rev. 2009; 15 CD006566.

11. Normand J, Salyards SD, Mahoney JJ. An evaluation of pre-employment drug testing. J Appl
Psychol. 1990; 75:629–39. [PubMed: 2286599]

12. Zwerling C, Ryan J, Orav EJ. The efficacy of preemployment drug screening for marijuana and
cocaine in predicting employment outcome. JAMA. 1990; 264:2639–43. [PubMed: 2232039]

13. Spicer RS, Miller TR, Smith GS. Worker substance use, workplace problems and the risk of
occupational injury: a matched case-control study. J Stud Alcohol. 2003; 64:570–8. [PubMed:
12921200]

Li et al. Page 6

Addiction. Author manuscript; available in PMC 2012 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



14. Federal Aviation Administration. Procedures for transportation workplace drug and alcohol testing
programs. Federal Register. 2008; 73(123):35961–75. To be codified at 49 CFR 40. [PubMed:
18677826]

15. Li G, Brady JE, DiMaggio C, Baker SP, Rebok GW. Validity of suspected alcohol and drug
violations in aviation employees. Addiction. 2010; 105:1771–5. [PubMed: 20712820]

16. Federal Aviation Administration. Appendix I to Part 121-Drug Testing Program. Federal Register.
2007; 72:12082. To be codified at 14 CFR 121.

17. Federal Aviation Administration. Aircraft Accident and Incident Notification, Investigation, and
Reporting. Federal Aviation Administration, U.S. Department of Transportation; Washington, DC:
2010. Order 8020.11C

18. Li G, Gebrekristos H, Baker SP. FIA score: a simple risk index for predicting fatality in aviation
crashes. J Trauma. 2008; 65:1278–83. [PubMed: 19077613]

19. U.S. Department of Transportation. What Employers Need to Know About DOT Drug and Alcohol
Testing (Guidance and Best Practice). U.S. Department of Transportation; Washington, DC: 2008.

20. Kahn, HA.; Sempos, CT. Statistical Methods in Epidemiology. Oxford University Press; New
York, NY: 1989.

21. Office of Applied Studies. Substance Abuse and Mental Health Services Administration. National
Household Survey on Drug Abuse: Main Findings, 2000. U.S. Department of Health and Human
Services; Rockville, MD: 2002.

22. Quest Diagnostics. Increased use of amphetamines linked to rising workplace drug use, according
to Quest Diagnostics' 2003 Drug Testing Index. Quest Diagnostics; Teterboro, NJ: 2004. Available
at: http://www.questdiagnostics.com/employersolutions/dti_07_2004/dti_index.html

23. Maxwell JC, Rutkowski BA. The prevalence of methamphetamine and amphetamine abuse in
North America: a review of the indicators, 1992-2007. Drug Alcohol Rev. 2008; 27:229–35.
[PubMed: 18368603]

24. Li G, Baker SP, Qiang Y, Rebok GW, McCarthy ML. Alcohol violations and aviation accidents:
findings from the U.S. mandatory alcohol testing program. Aviat Space Environ Med. 2007;
78:510–3. [PubMed: 17539446]

25. Vandevenne M, Vandenbussche H, Verstraete A. Detection time of drugs of abuse in urine. Acta
Clinica Belgica. 2000; 55:323–33. [PubMed: 11484423]

26. Couper, FJ.; Logan, BK. Drugs and Human Performance Fact Sheets. National Highway Traffic
Safety Administration; Washington, D.C.: 2004. Available at:
http://www.nhtsa.gov/people/injury/research/job185drugs/drugs_web.pdf

Li et al. Page 7

Addiction. Author manuscript; available in PMC 2012 July 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.questdiagnostics.com/employersolutions/dti_07_2004/dti_index.html
http://www.nhtsa.gov/people/injury/research/job185drugs/drugs_web.pdf


Figure 1.
Percentage distribution of illicit drugs detected in aviation employees by year and drug,
United States, 1995-2005
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Table 1

Prevalence of drug violations in aviation employees by occupation, United States, 2003–2005.

Occupation
Number of

Random Tests
Number of
Violations %

Flight Crewmembers 73153 33 0.05

Flight Instructors 2306 4 0.17

Air Traffic Controllers 1134 3 0.26

Flight Attendants 81953 317 0.39

Ground Security Coordinators 19637 119 0.61

Aircraft Dispatchers 8666 59 0.68

Aircraft Maintenance 115856 1159 1.00

Aviation Screeners 1116 13 1.16

Total 303821 1707 0.56
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