
Peeling Back the Curtain on 

Drug Testing



Disclosures

• I am not advertising or promoting for any 

instrument manufacturer or vendor. All the 

equipment pictured is actual instrumentation that I 

have used in the labs that I have worked at.



Forensic Toxicology 

• Toxicology is a science that 

deals with poisons and their 

effect.

• Forensic toxicology is the 

application of toxicology as it 

applies to law.

https://www.okorieokorocha.com/what-is-forensic-toxicology/



Different Subgroups of Toxicology

• Postmortem Forensic 

Toxicology

• Human Performance 

Toxicology

• Forensic Drug Testing

https://www.flickr.com/photos/182229932@N07/48190221022



First Things First

• Alcohol determination 

https://thetruthaboutforensicscience.com/wp-content/uploads/2011/01/GC-FID.jpg



Step Two – Screening

• often based on immunoassay technology

• more drug – more binding - less “color” produced – 

more instrument detector response

• numerous commercial manufacturers

• designed for high throughput instrumentation or 

on-site devices



Immunoassay

https://en.wikipedia.org/wiki/File:Tecan_LiqHandlingRobot.JPG#filelinks



Immunoassay

•Presumptive screening for the following drug/drug 

classes:

•Methamphetamines

•Benzodiazepines

•Barbiturates

•Cannabinoids

•Carisoprodol

•Cocaine

•Opiates

•Phencyclidine

•Zolpidem

•Methadone

•Tramadol

•Oxycodone

•Amphetamine

•Fentanyl

https://en.wikipedia.org/wiki/File:Tecan_LiqHandlingRobot.JPG#filelinks



Screening Methods



Drug Screening



Drug Screening

• Values??



Why confirm ?

• Is it really necessary to 

confirm drugs that tested 

positive by initial 

screening tests?                                     

• FALSE POSITIVES



Cross reactivity

• Screening tests can and do react to 
“non-target” compounds

• Phencyclidine (PCP)

• Benzodiazepines

• Bupropion

• Niflumic acid

• Obtain list of interfering compounds 
from lab or on-site test vendor

• Confirm positive results



Confirmation

• Gas chromatography-mass 

spectrometry  (GC/MS) or 

Liquid chromatography-mass 

spectrometry (LC/MS) 

• drug molecules separated by 

physical characteristics (mass)

• identified based on chemical 

“finger-print”

• definitive



Drug Confirmation

• Extraction

• GC/MS and LC/MS

• Separation

• Identification

• Confirmation

• Various drugs classes
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Confirmation Methods
Solid Phase Extraction Liquid-Liquid Extraction

Gas Chromatography/Mass Spectrometry Liquid Chromatography Tandem Mass Spectrometry

Separation occurs and compounds are identified and confirmed

Step 2. Choose your instrument



Drug Confirmation
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Drug Identification

• Extraction

• GC/MS and LC/MS

• Separation 

• Identification

• Confirmation

https://www.fda.gov/files/figure_1._total-ion_chromatogram_tic_abundance_vs._time._see_text_for_more_information.png
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Diazepam Metabolites

• Nordiazepam

• Temazepam

• Oxazepam



Chlordiazepoxide Metabolites

• Nordiazepam

• Oxazepam



Codeine Metabolites

• Morphine



Benefits of ETG/ETS Testing

• Accurate

• Greater sensitivity  

• Concurrent with drugs



ETG/ETS 

Testing
EtG is a direct metabolite of ethanol. 

In addition to EtG, recent scientific studies 
have identified ethyl sulfate (EtS) as a 

second specific metabolite or biomarker 
of ethanol. 

The detection of EtG and EtS offers greater 
sensitivity and accuracy for determination 

of recent ethanol ingestion, than by 
detection of either biomarker alone.



What about us?
• How are you determining your drug testing panel?

• Self Report

• Based on previous positive results

• Kratom (Crocodile, Khat, mirtragynine)

• Hide opiate use

• Not commonly in presumptive screening

• Ketamine (Horse Tranquilizers)

• Veterinary use

• Infusion clinics (PTSD, Suicidal, major depressive disorder)



What about us? (Continued)

• Medetomidine

• Originally used to treat barnacles

• Approved in 2022 as a sedative for dogs

• Phenibut

• Depressant used in Russia

• Not commonly in presumptive screening

• Has benzo like effects



Nitazenes

• Subclass of opiates

• No legitimate medical use

• Ohio AG warning in April of 2022

• Multiple dose of naloxone 

• US News Article

Image courtesy of dea.gov



Xylazine

• CNS depressant

• Used to sedate large animals

• FDA alert in November of 2022

• Naloxone may not work

• Usually found in combination with fentanyl 

https://upload.wikimedia.org/wikipedia/commons/thumb/d/d2/Rompun.jpg/220px-Rompun.jpg



Xylazine

•  



Delta 8 THC

• Naturally occurring in the hemp and THC

• Scheduled? 0.3%

• Wisconsin Legislative Council Brief July 2021

• Synthesized from CBD 

• Separation issue

https://www.poison.org/-/media/images/shared/articles/delta-8-products-from-

above.jpg?h=1134&w=1512&la=en&hash=0B2EE265B4D94F3B2BC71E19D948
DB84



Brorphine

• Subclass of opiates

• No legitimate medical use

• First noted in 2018 (purple heroin)

• Schedule I as of 02-21 

https://www.arkbh.com/wp-content/uploads/2022/04/385aa289-38f9-44da-b09d-966f5ce2d6c3_1140x641-1-768x432.jpeg



Isotonitazene

• Subclass of opiates

• Synthesized in 1959 by Swiss Pharmaceutical 

• 20X more potent than morphine

• Reddit mention early 2019

• Suspected death April 2019 



Tianeptine

• Antidepressant

• Developed in the 1980’s

• No FDA approval for use 

• Opiod like high 

• Branded as “Zaza” and “Tianna Red” 



Tianeptine



THC Diamonds

https://i.shgcdn.com/7d9e47ff-7f53-40c0-b4a5-fe8fd21c1ba0/-/format/auto/-/preview/3000x3000/-/quality/lighter/



Cannabidiol (CBD)
The Farm Bill removed all hemp-derived 

products, including CBD, from the Controlled 

Substances Act, which criminalizes the 

possession of drugs. In essence, this means 

that CBD is legal if it comes from hemp, but 

not if it comes from cannabis (marijuana) – 

even though it is the exact same molecule. 

Currently, many people obtain CBD online 

without a medical marijuana license, which is 

legal in most states.



Hemp versus Marijuana

What is the difference?

0.3% THC content





Alternative 

Specimens

Sweat patch

Oral Fluids

Blood

Breath

Hair



Challenging Urine Collection 

Strategies



Sample Collection

Pre-collection Preparation:

• Privacy

• Prepare Ahead



Sample Collection

• Wash Hands

• Witness

• Chain of Custody (label)



Sample Collection

• Accept sample and inspect

• Temperature, color, odor

• Labeled and proper storage

• Proper chain of custody



Thoughts on Tampering

• Developing control strategies to prevent sample 

tampering is critical.

• Once clients understand that they cannot beat the 

system, they are more likely to engage in the 

therapeutic process towards recovery.



Valid 

Specimens

The Effective Use of Urine 

Creatinine Measurements in 

Abstinence Monitoring



Frequency of Testing

• Frequent forensic testing is essential for reducing the rate of unauthorized 

substance use. 

• Forensic testing is administered at least twice per week until participants 

have achieved early remission of their substance use disorder and is 

reliably engaged in recovery management activities and preparing for 

graduation.

• Tests with short detection windows, such as breath and saliva, are 

generally unsuitable for use as the primary testing method in treatment 

courts.



Creatinine Testing

• EVERY urine sample collected 

for drug detection should be 

tested for creatinine



Client has a bladder full of urine with 
a drug concentration that is greater than 

the cutoff level of the test - thus 
producing a positive result.

Urine in the bladder is diluted by
the consumption of large amounts of

non-drug containing fluid; which 
results in a drug concentration that 

is less than the cutoff level of the test - 
thus producing a negative result.

DILUTION GOAL



Water contains no drugs!

• easiest, cheapest, simplest

• urine with a creatinine of less than 20 mg/dL are considered “dilute” and rarely 

reflect an accurate picture of recent drug use

• dilute samples are more like water than like urine

• incidence of low creatinine in a population undergoing random drug testing is 

significantly (up to 10 times) greater than a non-drug tested population



The “Normal” Urine Creatinine

• normal urine creatinine:  2005 study “Urinary Creatinine Concentrations in the U.S. Population” 

determine the mean (based upon 22,245 participants) was 130 mg/dL

• study was not associated with drug testing

• subjects came from a variety of ethnic groups

• samples were collected AM, mid-day, and PM

• less than 1% below 20 mg/dL

• less than 1% greater than 400 mg/dL



Sara A. Love, Jesse C. Seegmiller, Julie Kloss, Fred S. Apple, Urine Creatinine Concentrations in Drug Monitoring Participants and Hospitalized Patients, Journal of Analytical Toxicology, Volume 40, Issue 8, October 2016, Pages 659–662, https://doi.org/10.1093/jat/bkw092

https://doi.org/10.1093/jat/bkw092


More Creatinine Issues

• rapid ingestion (90 minutes) of 2-4 quarts of fluid 

will almost always produce low creatinine & 

negative urine drug tests within one hour

• recovery time of urine creatinine and drug 

concentrations can take up to 10 hours



More Creatinine Issues

Smith ML, Barnes AJ, Huestis MA. Identifying new cannabis use with urine creatinine-normalized THCCOOH concentrations and time intervals between specimen collections. J Anal Toxicol. 2009 May;33(4):185-9. doi: 10.1093/jat/33.4.185. PMID: 19470219; PMCID: PMC3159564.
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More Creatinine Issues

Smith ML, Barnes AJ, Huestis MA. Identifying new cannabis use with urine creatinine-normalized THCCOOH concentrations and time intervals between specimen collections. J Anal Toxicol. 2009 May;33(4):185-9. doi: 10.1093/jat/33.4.185. PMID: 19470219; PMCID: PMC3159564.



“Dilute” Result Interpretation:

• negative or none detected results should never be interpreted as 
indicating no drug use (abstinence), because if, in fact, drugs were 

present, they probably could not be detected by the test

• positive drug test results from a dilute sample however, are 

considered valid (donor was not able to dilute the sample sufficiently 
to deceive the test)



Two final thoughts about dilute urine 

samples  .  .  .  .  .

• a creatinine of less than 20 mg/dL (associated with a drug 

test) is nearly always an attempt by the donor to avoid 

drug use detection - REGARDLESS of how much liquid 

was consumed in order to achieve this result

• place a dilute sample prohibition in your client contract 

and sanction for repeat dilute samples 



Paint Roadmap for Success

• Upon entering the Drug Court, participants receive a clear and 
comprehensive explanation of their rights and responsibilities 
related to drug and alcohol testing

• Outcomes are significantly better when Drug Courts specify 
their policies and procedures clearly

• Participants significantly more likely to react favorably to an 
adverse judgment if they are given advance notice about how 
such judgments are made



Specimen Tampering



Basics of Specimen Tampering - The Three 

Approaches

• dilution

• adulteration

• substitution



Urine Specimen Adulteration

• addition of foreign substances designed to “mask” drug 
presence

• post-collection tampering

• low-tech adulterants that disrupt testing chemistry  (salt, 
methanol, detergent)

• “high-tech” adulterants



Urine Specimen Substitution

• replacing donor urine sample with another drug-free 
specimen 

• biological substitution - someone else’s “clean” urine

• non-biological substitution - replacing urine with urine “look-
a-like” sample (diet Mountain Dew, water with food coloring)  

• non-biologicals can be detected with creatinine testing



Erowid.com



Erowid Experiences Vault



Erowid Experiences Vault



Erowid Experiences Vault

https://www.madison-health.com/healthdayarticle.php?id=10936



Erowid.com



Bluelight.org



Bluelight.org



Clearchociebrand.com



Clearchociebrand.com



Quickfixurine.com



Myth or Fact

• Drinking vinegar or lemon juice will help you pass a 

drug test.



Myth or Fact

• Over-the-counter medications won’t show up on a 

drug test.



Myth or Fact

• I tested positive because of a poppy seed bagel.



Myth or Fact

• Vigorous working out will clear drugs from my 

system.



Myth or Fact
Sure jell will help you pass a drug test.



Myth or Fact
I tested positive for cocaine due to a dental procedure that 

used lidocaine for numbing.



Myth or Fact

• THC can stay in your system for a month.



THC Duration in Blood



Myth or Fact

• I haven’t had any pot.  It was secondhand smoke.



THC



Question Time
Garry.Metcalfe@me.com

mailto:garry.Metcalfe@me.com

	Slide 1: Peeling Back the Curtain on Drug Testing
	Slide 2: Disclosures
	Slide 3: Forensic Toxicology 
	Slide 4: Different Subgroups of Toxicology
	Slide 5:  First Things First
	Slide 6: Step Two – Screening
	Slide 7: Immunoassay
	Slide 8: Immunoassay
	Slide 9: Screening Methods
	Slide 10: Drug Screening
	Slide 11: Drug Screening
	Slide 12: Why confirm ?
	Slide 13: Cross reactivity
	Slide 14: Confirmation
	Slide 15: Drug Confirmation
	Slide 16: Drug Confirmation
	Slide 17: Drug Confirmation
	Slide 18: Drug Confirmation
	Slide 19: Drug Confirmation
	Slide 20: Drug Confirmation
	Slide 21: Drug Confirmation
	Slide 22: Drug Confirmation
	Slide 23: Drug Confirmation
	Slide 24: Drug Confirmation
	Slide 25: Drug Confirmation
	Slide 26
	Slide 27
	Slide 28: Drug Confirmation
	Slide 29: Drug Confirmation
	Slide 30: Drug Identification
	Slide 31: Drug Confirmation
	Slide 32
	Slide 33
	Slide 34: Drug Confirmation
	Slide 35: Diazepam Metabolites
	Slide 36: Chlordiazepoxide Metabolites
	Slide 37: Codeine Metabolites
	Slide 38: Benefits of ETG/ETS Testing
	Slide 39: ETG/ETS Testing
	Slide 40: What about us?
	Slide 41: What about us? (Continued)
	Slide 42: Nitazenes
	Slide 43: Xylazine
	Slide 44: Xylazine
	Slide 45: Delta 8 THC
	Slide 46: Brorphine
	Slide 47: Isotonitazene
	Slide 48: Tianeptine
	Slide 49: Tianeptine
	Slide 50: THC Diamonds
	Slide 51: Cannabidiol (CBD)
	Slide 52: Hemp versus Marijuana
	Slide 53
	Slide 54: Alternative Specimens
	Slide 55: Challenging Urine Collection Strategies
	Slide 56: Sample Collection
	Slide 57: Sample Collection
	Slide 58: Sample Collection
	Slide 59: Thoughts on Tampering
	Slide 60: Valid Specimens
	Slide 61: Frequency of Testing
	Slide 62: Creatinine Testing
	Slide 63
	Slide 64: Water contains no drugs!
	Slide 65: The “Normal” Urine Creatinine
	Slide 66
	Slide 67: More Creatinine Issues
	Slide 68: More Creatinine Issues
	Slide 69: More Creatinine Issues
	Slide 70: More Creatinine Issues
	Slide 71: “Dilute” Result Interpretation:
	Slide 72: Two final thoughts about dilute urine samples  .  .  .  .  .
	Slide 73: Paint Roadmap for Success
	Slide 74: Specimen Tampering
	Slide 75: Basics of Specimen Tampering - The Three Approaches
	Slide 76: Urine Specimen Adulteration
	Slide 77: Urine Specimen Substitution
	Slide 78: Erowid.com
	Slide 79: Erowid Experiences Vault
	Slide 80: Erowid Experiences Vault
	Slide 81: Erowid Experiences Vault
	Slide 82: Erowid.com
	Slide 83: Bluelight.org
	Slide 84: Bluelight.org
	Slide 85: Clearchociebrand.com
	Slide 86: Clearchociebrand.com
	Slide 87: Quickfixurine.com
	Slide 88: Myth or Fact
	Slide 89: Myth or Fact
	Slide 90: Myth or Fact
	Slide 91: Myth or Fact
	Slide 92: Myth or Fact
	Slide 93: Myth or Fact
	Slide 94: Myth or Fact
	Slide 95: THC Duration in Blood
	Slide 96: Myth or Fact
	Slide 97: THC
	Slide 98: Question Time Garry.Metcalfe@me.com

