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Alabama Dept. Forensic Sciences

• 15 Toxicologists

• 1 Laboratory (Birmingham)

• 500 cases/mo, 6,000/yr

• DUI & DUI/D (40%)

• Postmortem (60%)
• 66 County Coroners

• 3 Medical Examiner Offices



DUI – Traffic Stops >0.08%

<0.08%, 
Suspected DUI/D

DUI – Traffic Crashes

Involving Serious Injury/Deaths

<0.08% (75%)
[77% drug prev.]

>0.08% (25%)
[50% drug prev.]

10% of <0.08%
1,135/11,345

<0.08% (14%)
[77% drug prev.]

>0.08% (86%)
[50% drug prev.]

5 years (2013-2017)
6,355 blood tests

81,039 breath tests



Oral Fluid Drug Testing
Roadside Screen (Probable Cause) Confirmation (Evidentiary) 

1st State to Offer 
In-house 

Confirmation 



SOFT/AAFS Oral Fluid Ad Hoc Committee

Members

• Christine Moore (Chair)
• Curt Harper (Vice Chair)
• Marilyn Huestis
• Timothy Rohrig
• Jarrad Wagner
• Madeleine Swortwood
• Luke Rodda
• Chares LoDico
• Mandi Mohr
• Kristen Burke
• Nathalie Desrosiers

Documents

• OF FAQ Document 2.0 (2017)
• Advantages
• Limitations
• Specimen comparison

• OF Pilot Project Guidelines
• Key Stakeholders
• Program Management
• Program Protocol 
• Consent Form (example)

http://soft-tox.org/files/2014_OF_Pilot.pdf

http://soft-tox.org/files/2017_OF_FAQ.pdf



Step#1:  Stakeholder’s Meetings & Outreach

• Traffic Safety Resource Prosecutor (TSRP)

• DRE Coordinator & Program

• Prosecutor’s Training (2016/2017/2018)

• Judge’s Symposium (2016/2017)

• Collaboration with Vendors

• Alabama Impaired Driving Prevention Council (AIDPC)

• ADECA

• Step #2:  Develop Study Design
• Roadside screening, laboratory confirmation
• No legislative change needed.  Must modify ADFS Rules. 



ADFS OF Study Summary
• Alabama Drug Recognition Expert (DRE), TSRP B. Lindsey

• Clara White Mission – Jacksonville, FL 

• Proof of principle study set forth to validate the use of :
• Aim #1:  OF screening in the field by officers 
• Aim #2:  OF confirmation testing at ADFS

• 3 Oral Fluid Screening Devices
1. SoToxa (fka Alere DDS2)
2. Draeger DT5000
3. Randox Evidence MultiSTAT

• Developed OF confirm methods at ADFS

• AL Code:  Blood, Urine, or other bodily substance
• There was no need to change state statue (huge advantage)

• Modified ADFS Rules and Regulations for Testing
• In effect June 24, 2018
• First oral fluid case: Summer 2018



DUID Applications for Oral Fluid Drug Screening Devices

At the Roadside
Roadblocks, Jails, DRE field Certs











Specification Comparison
Alere
DDS2

Draeger 
DT5000

Randox 
MultiSTAT

Time to complete (min) 5 10 17 

Size Small Medium Large

Number of targets 6 7 21

Target Alere SoToxa Draeger DT5000 Randox MultiSTAT

Cocaine 30 20 20

THC 25 5 10

Opiates 40 20 10

Benzodiazepine 20 15 20

Methamphetamine 50 35 50

Amphetamine 50 50 50

Methadone NA 20 4

Cutoffs (ng/mL)



Parameters

▪ Sensitivity = TP/(TP + FN)
▪ Ability to identify positive cases

▪ Specificity = TN/(TN+FP)
▪ Ability to avoid false positives, identify negative cases

▪ Positive Predictive Value = TP/(TP+FP)
▪ Ability to correctly label as positive 

▪ Negative Predictive Value = TN/(TN+FN)
▪ Ability to correctly label as negative

▪ Accuracy = (TP+TN)/(TP+FP+TN+FN)
▪ Overall correctness 



Summary of Roadside Device Performance

Alere 
SoToxa*

Draeger 
DT5000

Randox 
Multi-STAT

Specificity >80 >80 >80

PPV >80 >80 >80

NPV >80 >80 >80

Sensitivity >80 >80 >80

Accuracy >80 >80 >80

Cocaine, THC, Meth, 
Opiates, Methadone*

Benzodiazepines



SOFT/AAFS Oral Fluid FAQ 2.0:
Should labs develop Qual or Quant OF confirmation

The 3 No-no’s 

1. Most drugs (e.g. smoked, vaped or snorted):                                       
OF drug concs do not predict concurrent blood drug concs

2. Not recommended to estimate drug concs in whole blood from OF 
drug concs or vice versa

3. Not possible to correlate a quantitative drug conc. in OF, blood or 
urine directly to degree of impairment

For these reasons….



SOFT/AAFS Oral Fluid FAQ 2.0:
Should labs develop Qual or Quant OF confirmation

Recommended practice:

• Qualitative (present or ND) methods recommended since there is not 
a direct correlation b/t concs in OF and blood in most cases due to a 
variety of factors 
• Oral cavity contamination from recent use, unknown exact volume of 

confirmation fluid specimen, individual variability in PK and PD

• Quantitative measurement of drug concs for research purpose
• Developing a better understanding of typical OF drug concs in various 

populations

• Helps with the development of screening devices with the appropriate 
sensitivity



QuantisalTM Oral Fluid Confirmation

3 mL buffer & 1 mL (+/- 10%) sample

Plungers

Synthetic Negative OF
Transferred to  screw cap tubes



Quantisal 2.0TM Oral Fluid Confirmation



Agilent 6460/6430 QQQ 

LC/MS/MS: Confirmation

2 Confirmation Methods at ADFS:

1. (19) Drugs of Abuse
2. (6) Cannabinoids

(25 Total Targets)

95% of DUID Targets

*Recommendations for Toxicological Investigation of Drug-Impaired Driving and Motor Vehicle Fatalities. JAT 2017.



ADFS 19 Target Method:  DPX® Technology 

MeOH ACN with 1% formic acid

Mobile Phases
MPA- 0.1% formic acid in water
MPB- 0.1% formic acid in ACN
Gradient – 98:2 (0-8 min, 50:50 (8-9 min), 2:98 (9-12 min)l
Agilent Poroshell 120 EC-C18 (2.8 um, 2.1 x`100 mm)
5 µL injection, Wash = IPA/MeOH/Water (33:33:33)



Full Automation:  The Wave of the Future

Integra

Hamilton Starlet



19 Targets: DPX Extraction OF *NSC LOD (ng/mL) Integra
LOD (ng/mL)

Integra (Admin)
LOD (ng/mL)

Hamilton Starlet
LOD (ng/mL)

1 Amphetamine 20 1.0 20 20

2 Methamphetamine 20 1.0 20 20

3 Carisoprodol 100 1.0 100 100

4 Meprobamate 100 1.0 100 100

5 Diazepam 1.0 1.0 1.0 1.0

6 Nordiazepam 1.0 4.0* 4.0 4.0

7 Alprazolam 1.0 4.0* 4.0 4.0

8 Clonazepam 1.0 4.0* 4.0 4.0

9 Lorazepam 1.0 4.0* 4.0 10^

10 Cocaine 8 1.0 10 10

11 BE 8 1.0 10 10

12 Morphine 5 1.0 5 5

13 Hydrocodone 5 1.0 5 5

14 Oxycodone 5 1.0 5 5

15 Methadone 10 1.0 10 10

16 Zolpidem 10 1.0 10 10

17 6-MAM 2 0.5 0.5 0.5

18 Fentanyl 0.5 1.0 1.0 1.0

19 Buprenorphine 0.5 2.0 2.0 4.0^



ADFS Cannabinoids LLE Method
Procedure

1. Spike controls in 1 mL of oral fluid/buffer solution. 

2. Add 50 µL of IS Mix (0.1 µg/mL) to 500 µL of prepared sample.

3. Add 200 µL of 5% formic acid in water. 

4. Vortex. 

5. Add 3 mL of 80:10:10 n-hexane/diethyl ether/ ethyl acetate

6. Rotate for 5 min.

7. Centrifuge for 10 min.

8. Transfer upper layer to a conical tube.

9. Dry down @ 45 C°

10. Reconstitute with 100 µL of 50: 50 MPA/MPB

Mobile Phases
• MPA- 5 mM Ammonium formate with 0.1% formic acid in water
• MPB- 0.1% formic acid in methanol
• Gradient – 50:50 (0-5 min), 35:65 (5-8 min), 5-95 (8-10 min)
• Agilent Poroshell 120 EC-C18 (2.8 um, 2.1 x`100 mm)



ADFS Cannabinoids LLE Method

Target *NSC
Recommended 

LOD (ng/mL)

LOD (ng/mL) LOQs 
(as of March 2019)

THC 2 0.5 1.0

THC-OH N/A 4.0 4.0

THC-COOH N/A 1.0 4.0

Cannabinol N/A 0.2 4.0

Cannabidiol N/A 0.5 0.5

Cannabigerol N/A 0.2 4.0

*Recommendations for Toxicological Investigation of Drug-Impaired Driving and Motor Vehicle Fatalities. JAT 2017.







1 Year Status Update

• OF/Blood cases received = 63

• # of OF only = (~10%)

• # of Roadside Devices in the field = ~6-8 devices

• # of Roadside Tests = 33%

• # Kits distributed to LEAs = ~300

• 4 Subpoenas, No Testimony

• Officer Feedback
• Dry mouth … Doesn’t Turn Blue!

• Consent

• Cost of Roadside Cartridges, devices



An Increase in THC Concentrations Over the Years in Alabama

Year Number of Cases

(DUIs)

Average THC 

Concentration 

(ng/mL)

Number of Cases

(Traffic Fatalities)

Average THC 

Concentration 

(ng/mL)

2010 98 4.1 53 8.2

2011 77 3.9 32 8.3

2012 53 3.8 26 7.1

2013 40 3.8 37 6.5

2014 88 4.0 43 7.0

2015 166 4.20 39 13

2016 246 4.8 67 10

2017 233 4.6 88 9.3

2018 208 6.8 66 7.8

2019* 275 5.2 57 7.1



OF THC Concentrations

• Lee 2012
• THC after use = 68 – 10,284 ng/mL
• THC at 6 hrs = 1.3-11.9 ng/mL
• Carboxy-THC = 0.02 – 0.76 ng/mL !!!

• Hartman 2015
• After 15 minutes:  Blood (33-68 ng/mL), OF (764-952 ng/mL)
• After 2 hours:  Blood (2-3 ng/mL), OF (33-91 ng/mL)
• OF THC > 1600 ng/mL indicated within last 1.4 hours
• OF THC > 600 ng/mL indicated within last 2.3 hours

• Lee 2011
• Detection Window = 48 hours for 2 ng/mL
• CBD, CBN, (CBG) useful markers for recent use

• Oral Cavity Contribution, XXX Contamination (Marker of recent use)



Target: THC Target: Carboxy THC Target: Hydroxy THC

Blood 
Concentration

OF 
Concentration

Blood 
Concentration

OF 
Concentration

Blood 
Concentration

OF 
Concentration

Mean 7.0 113 Mean 80 ND Mean 4.4 ND

Median 5.6 37 Median 37 ND Median 3.9 ND

Max 21.0 943 Max 400 ND Max 11 ND

Min 1.0 0.7 Min 6.2 ND Min 1.0 ND

(+) Rate 14/20 = 70% 22/24 = 92% (+) Rate 16/20 = 80% 0/24 = 0% (+) Rate 14/20 = 70% 0/24 = 0%

Cannabinoid Concentrations in Blood vs Oral Fluid

Target: Cannabinol Target: Cannabigerol Target: Cannabidiol
Blood 

Concentration
OF 

Concentration
Blood 

Concentration
OF 

Concentration
Blood 

Concentration
OF 

Concentration

Mean 1.0 7.1 Mean 5.5 5.5 Mean 1.8 3.7

Median 1.0 2.6 Median 1.6 1.6 Median 1.8 3.7

Max 1.1 25 Max 2.1 24 Max 2.3 3.7

Min 0.9 1.0 Min 0.6 0.8 Min 1.3 3.7

(+) Rate 2/20 = 10% 14/24 = 58% (+) Rate 6/20 = 30% 13/24 = 54% (+) Rate 2/20 = 10% 1/24 = 4%



Methamphetamine & Amphetamine 
Concentrations in Blood vs Oral Fluid

Target: Methamphetamine

Blood 
Concentration

OF Concentration

Mean 555 1397

Median 385 650

Max 2,200 4,800

Min 34 12

(+) Rate 13/16 = 81% 14/15 = 93%

Target: Amphetamine

Blood 
Concentration

OF Concentration

Mean 60 336

Median 51 130

Max 210 920

Min 13 12

(+) Rate 13/16 = 81% 14/15 = 93%



Target: Alprazolam

Blood Concentration OF Concentration

Mean 96 20

Median 79 13

Max 190 44

Min <10 1.2

(+) Rate 5/6 = 83% 8/8 =100%

Alprazolam Concentrations in Blood vs Oral Fluid



Anticipated Challenges to OF Drug Testing

• OF conc. correlated to blood conc. and/or impairment?

• Appropriate window of detection?

• Environmental contamination?

• Passive exposure to THC = +OF?

• CBD ingestion = +OF THC?

• Roadside OF screen creates bias to DRE Evaluation?





Curt E. Harper, Ph.D., F-ABFT

Toxicology Discipline Chief

Case Studies



Case Study #1 Crystal Meth Wreck

• White, Male, 38 year old

• Fiancé died 4 mo. ago, no one with Narcan to “watch after him”

• Admitted drug use: 
• 10 AM (“half a bag” of meth mixed with “little bit” of heroin)

• Time of Crash:  2:10 PM

• DRE Evaluation/OF Sample:  4:10 PM (~2 hours post-crash)

• Time of Blood Draw:  5:04 PM (~3 hours post-crash)

• DRE Evaluation:  Narcotic Analgesic, CNS Stimulant







Case Study #1:  Toxicology Results

Target Blood (ng/mL) Oral Fluid (ng/mL)

Methamphetamine 780 >1000 (4,700)

Amphetamine 51 900

Fentanyl 12 52

Morphine ND* 37

6-MAM ND P

* Qualifier out of tolerance.  ~ 5 ng/mL 

DRE Evaluation:  Narcotic Analgesic, CNS Stimulant

QTOF



Case Study #2 Watch the Fence

• White, Male, 24 year old

• Subject drove his vehicle off the road and into a chain link fence. 

• Time of Crash:  10:00 PM

• DRE Evaluation/OF Sample:  11:30 PM (1.5 hours post-crash)

• Time of Blood Draw:  12:43 AM (2.75 hours post-crash)

• Alere DDS2 – THC, Stimulant, Benzo, Opiates

• Draeger DT5000 - THC, Stimulant, *Invalid

• DRE Evaluation:  Cannabis + CNS Stimulant









Case Study #2:  Toxicology Results
Target Blood (ng/mL) Oral Fluid

THC ND 315

THC-OH ND ND

THC-COOH 18 ND

Cannabigerol (CBG) ND 14

Cannabinol (CBN) ND 19

Cannabidiol (CBD) ND ND

Methamphetamine 560 >1000

Amphetamine 55 >1000

Cocaine ND 66

BE 75 456

Alprazolam 150 >1400

Morphine ND* 1470



Specimen taken proximate to time of driving:
How close?

• Roadside – immediately after arrest 
• Prior to DRE evaluation 
• After DRE evaluation
• After search warrant, simultaneously with blood at hospital

• Considerations
• Consent
• Implied Consent Law
• Search Warrant 

• Birchfield v. North Dakota
• Case Law
• Discuss with your TSRP or Local DA



Case Study #3 Know your Limitations

• White, Male, 28 year old

• Struck a drive-thru while operating vehicle

• Time of Crash:  11:15 PM

• DRE Evaluation/OF Sample:  12:25 AM (~1 hours post-crash)

• Time of Blood Draw:  11:53 PM (0.75 hours post-crash)

• Alere DDS2 – Negative

• Draeger DT5000 - Negative

• DRE Evaluation:  Depressant



Case Study #3 - Toxicology Results

Target Blood (ng/mL) Oral Fluid (ng/mL)

Diazepam 180 ND*

Nordiazepam 97 4*

Zolpidem 390 130

* Highlights limitations of OF roadside screening and confirmation testing.

* Alere DDS2 & Draeger DT5000 were negative. 



Our Future Aims

• Hamilton Starlet Extraction Automation = OF, Blood methods

• In the process of evaluating DrugWipe

• Newly designed BSKits = 2,500 per year.

• Quantitative results for cannabinoids

• Postmortem:  
• Traffic Fatalities, Suspected ODs


