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1. Introduction.
Cannabis is New Zealand’s most widely used illegal drug and the third most popular after alcohol and tobacco.  According to National Household Survey data (2006) approximately 40% of New Zealand’s population, aged 13-45 years, have tried cannabis, with 17% having used cannabis in the previous 12 months.  Smoking is by far the predominant form of ingestion.  When cannabis is smoked almost half of the active ingredient Δ9-Tetrahydrocannabinol (THC) is released into the surrounding environment as side-stream smoke.  Several studies have investigated the extent of THC exposure under passive conditions (Niedbala et al., 2005, Niedbala et al., 2004, Ahmad et al., 1990, Cone et al., 1987).  Factors such as potency of cannabis combusted, room size and ventilation, and individual characteristics such as body size and metabolic rate have been shown to contribute to the resulting levels of THC in both urine and oral fluid (OF) in passively exposed individuals.
The use of oral fluid testing for THC provides a convenient means of detection of recent cannabis use and might also be used to discriminate between passive and active cannabis use.  The present study compared THC levels, in oral fluid and urine, in subjects actively smoking cannabis and subjects exposed to passive smoke.  The urine and oral fluid THC levels were also measured in subjects ingesting cannabis as food (cookies containing cannabis) and these results compared with those of the cannabis smoke exposed subjects.
2. Study Design

Approval for this study was obtained from the Central Regional Ethics Committee, New Zealand Police and the New Zealand Ministry of Health (Medsafe).  Volunteers recruited for the study had to have smoked cannabis on at least three previous occasions. People were excluded from the study if they:
· suffered from asthma

· had a history of negative experiences after smoking cannabis 

· suffered from claustrophobia 

· could not abstain from smoking tobacco for eight hours 

· were not fluent in the English language
A total of twenty subjects were recruited.

2.1 Administration of cannabis by smoking

The smoking studies were conducted in a 3 m x 4 m x 3 m closed room in which the participants and specimen collectors were required to stay for the three hours following the designated 10 minutes smoking period.  At the end of this period they were free to move into a large adjoining room. 
The smoking study was conducted over a 2 day period.  On each day four subjects were provided with numbered, pre-weighed cannabis cigarettes and four subjects were passively exposed to the fumes. At the completion of smoking the cigarette butts were collected and weighed to determine the amount of THC ingested.  Oral fluid and urine specimens were collected at the times detailed in Tables 1-4.
The above process was repeated the following day with a different group of subjects.

2.2 Oral administration of cannabis

Four subjects were provided with a single cannabis-laced cookie and monitored to ensure the cookies were completely consumed. OF and urine specimens were collected at the times detailed in the Tables 3 & 4.

3. Experimental
3.1. Materials 

Cannabis cigarettes (3.3% THC) were supplied through the National Institute on Drug Abuse (Bethesda, MD., USA).  Four cannabis cookies were baked in a conventional oven at 180 (C by a staff member using Edmonds Sure to Rise® Afghan Cookie mix. Each cookie contained the plant material from one pre-weighed cannabis cigarette.  Immunalysis Corporation (Pomona, CA USA) supplied the THC Enzyme Immunoassay (EIA) kits and the Quantisal TM collection devices used for the OF specimens.  Urine specimens were screened for cannabinoids initially using a MicroCup Drug Screening Test (Microgenics, Passau, Germany) and later on an Olympus AU2700 using CEDIA® reagents (Microgenics, Fremont, CA., USA).  Δ9-Tetrahydrocannabinol (THC) and 11-nor-9-carboxy-Δ9-THC and their tri-deuterium labelled analogues were supplied by Cerilliant Corporation (Round Rock, TX.).  All calibrators and controls were prepared in the Quantisal buffer and the concentrations referred to throughout this paper refer to the values in the undiluted OF.  
3.2. Specimen collection

Laboratory staff wearing latex gloves collected all oral fluid specimens to ensure that the collection pads were not contaminated by the study participants.  Collection devices/pads were kept in sealed containers both prior and after collection.  Specimens were collected, in accordance with the instructions supplied with the collection kits, at the times specified in Tables 1-3. Urine specimens were collected at the times specified in Table 4.  Both the OF and urine specimens were stored at 4 (C until analyses had been completed.

3.3. Screening 
Aliquots of the urine specimens were screened for cannabinoids immediately after collection using the MicroCup Test, and later in the laboratory by CEDIA®. The results are listed in Table 4.
The OF specimens were screened by EIA using calibrators containing 4, 10 and 25 ng/mL of THC.  The screening results are presented in Tables 1-3.
3.4. Quantitation

3.4.1 THC in Oral Fluid
THC was quantified in oral fluid using the extraction procedure described previously (see Dickson et al., 2007) with some changes in instrumentation.  Analysis was carried out on an Ionics EP 10+ triple quadrupole mass spectrometer equipped with a TurboIonSpray and Heated Source Induced Desolvation (HSID).  Chromatographic separation was performed at 30 (C using a Dionex UltiMate3000 series HPLC fitted with a Phenomenex Luna 3 (m C18(2) 50 x 2.0 mm ID column and a Security Guard C18 4 x 2 mm cartridge.  The mobile phases were 0.1 % formic acid in water (A) and 0.1 % formic acid in methanol (B).  The solvent gradient program was as follows: 0 min 80 % B; 0.5 min 80 % B; 2 min 95 % B; 5 min 95 % B; 6 min 80 % B; 7.5 min 80 % B.  The flow rate was 0.3 mL/min.  Analyses were performed in positive ion mode using Mass Reaction Monitoring (MRM).  The quantitative transitions monitored were m/z 315.20 ( 193.13 for THC and m/z 318.20 ( 196.13 for THC-D3 internal standard.  Two additional transitions m/z 315.20 ( 123.04 and m/z 315.20 ( 135.06 were monitored to confirm the identity of THC.
3.4.2 CarboxyTHC in Urine
The carboxy-THC metabolite was quantitated in urine by GCMS using an in-house method developed for workplace drug testing.
4. Results

4.1 Oral Fluid 

The OF THC concentrations for active cannabis smokers are presented in Table 1.  Oral fluid THC concentrations peak immediately following (cannabis) smoking; highest concentrations detected in the first OF sample taken after smoking cessation.  The majority of smoking subjects had positive OF EIA screening test results for up to 1 hour, using a positive result cut-off level of 10 ng/mL.  Only one subject continued to have positive screen results, at the 10 ng/mL cut-off, beyond 3 hours.
The OF THC concentrations for passive cannabis smokers are presented in Table 2.  One participant (subject 11) had THC detected in their OF prior to commencing the passive smoking study.  Oral fluid THC concentrations in passive smoking subjects were significantly lower (15 to 80 times less) than those of the active smokers.  Similar to the active cannabis smokers, OF THC concentrations generally peaked immediately following exposure. However all OF samples taken after 1 hour following cessation of passive smoke exposure gave negative EIA screening test results (using 10 ng/mL cut-off level) Table 2.
The OF THC concentrations for ‘cannabis cookie eaters’ are presented in Table 3.  Oral fluid THC concentration following ingestion of cannabis containing cookies was generally higher than that found from passive cannabis smoke exposure, but lower than that of the active cannabis smokers.  EIA screen results (10 ng/mL cut-off) were negative in samples obtained after 1 hour in three of the four subjects.  The positive screen test was from a subject who had THC present in their OF prior to the study commencing. 
Although EIA determinations were made using three different potential cut-off concentrations, the results are only reported using 10 ng/mL cut-off level (Tables 1-3). The basis for this is discussed below.
The limit of detection for THC in the undiluted OF based on a signal: noise of 3:1 was 0.2 ng/mL. The inter-day % CVs determined for controls prepared at concentrations of 2, 10 and 30 ng/mL were 10.6 %, 10.9 % and 6.6 % respectively.
4.2 Urine

Urine ‘cup’ screen, CEDIA screen and carboxy-THC quantitation results are presented in table 4.  Apart from one subject whose urine was positive for carboxy-THC prior to the study commencing, all passive smokers had negative ‘cup and CEDIA urine test results.  Carboxy-THC could be detected and quantified in urine samples from active cannabis smokers and cannabis cookie eaters obtained at 7 hours.

5. Discussion

5.1 Oral Fluid 

The data in Tables 1-3 indicate that the passive subjects registered concentrations above the 2 ng/mL quantitative cut-off level recommended by the draft SAMSHA guidelines for up to 2 hours after the completion of smoking.
Only a few of the time points for the passive users were apparently above the 10 ng/mL cut-off adopted in the Australian Standard.  Before these results can be reported as true positives however, an estimation of uncertainty in the measurement of THC must be considered. This can be calculated from the following equation:
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where Udilution is the uncertainty associated with the variability in the amount of OF absorbed by the collection pad and therefore the resulting dilution factor.  The main sources of uncertainty for this parameter were considered to be the volume of OF collected and the density of OF.  The uncertainty in the dilution factor was calculated to be 0.0148.

Urepeatability is the uncertainty of the analytical method as measured by repeatability.  It is derived from multiple analyses of control samples.  This was calculated to be 0.21, 1.13 and 2.04 ng/mL for concentrations of 2, 10 and 30 ng/mL respectively.

Ustandard is the uncertainty associated with the reference standard used for calibration purposes and in the preparation of control samples.  This was calculated to be 0.00155 ng/mL.

Utotal was calculated for samples at concentrations of 2, 10 and 30 ng/mL and found to be 0.21, 1.13 and 2.04 ng/mL respectively.  

Using a coverage factor of three standard deviation concentrations (3 x 1.13 ng/mL for 10 ng/mL sample concentrations) less than 13.4 ng/mL should not be reported as positive.  On that basis 10 ng/mL was an appropriate cut-off concentration.  Passively exposed subjects in this study would not be misidentified as smokers using the 10 ng/ml cut-off appropriately interpreted using the calculated measurement of uncertainty.
During the course of this study subject 2 (smoker) and her life partner -subject 8 (passive) - were observed on more than one occasion to be kissing. It is perhaps noteworthy that subject 8 showed the highest OF concentrations of THC for the longest period. Nevertheless the elevated levels were not a significant concern for this study.
All of the smokers registered OF THC concentrations above 10 ng/mL for periods ranging from 0.5 to 4 hours (mean 2.4, median 2.5 hours). None of their baseline concentrations were above 10 ng/mL.
Three of the cookie eaters had OF THC concentrations above 10 ng/mL for periods ranging from 0.5 to 3 hours (mean 1.2 hour, median 1 hour). The OF sample (collected immediately after ingestion) from the remaining subject had a THC concentration greater than 10 ng/mL but THC levels in the samples collected at later time points were below10 ng/mL.
The amount of THC remaining in the mouth is reduced with each OF sample collected. Subsequent samplings are therefore likely to contain lower concentrations of THC.  Therefore, in a real life situation, it is likely that THC concentrations will remain above the cut-off concentrations for a longer period than demonstrated in this study. 
An additional factor which is likely to be relevant to the period of detection of THC in oral fluid is the quantity of THC smoked or ingested.  The 3.3% THC contained in the cigarettes used in this study is low compared to levels reported for some forms of cannabis (M.A. ElSohly et al., 2000).  It is likely that use of hydroponically cultivated cannabis, which can have concentrations at around 25 % THC (personal communication G Knight, ESR), would produce smoke with significantly higher levels of THC and individuals passively exposed to this cannabis smoke might have higher oral fluid levels of THC for longer periods..
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