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Osmolality, a novel and sensitive tool for detection of beverages tampered with Ethanol, GBL, and 1,4-BD and tampering of Demerol Syringes

James Wesley - Monroe County Crime Lab

524 Public Safety Building, Rochester NY 14614

Objective

Small molecular weight psychoactive substances, such as GBL, 1,4-BD and ethanol, although present in relatively high concentration [1-10%], can be difficult to detect in liquid forensic drug cases.   We investigate freezing point osmolality, an analytical tool used by clinical hospital labs and the consumer products and food industries, for its usefulness as a screening method for forensic liquid samples.  The study examines the detection of beverage tampering with GBL, 1,4-BD and ethanol, and detection of tampering of Demerol® syringes. A comprehensive list of baseline osmolality values of beverages, eye drops, and mouthwashes, is provided.  Other possible forensic uses will be discussed.

Background

Forensic drug testing labs have validated procedures in place for dealing with solid dosage samples and are very comfortable in the analysis of these types of cases.  Liquid samples, on the other hand, present analysis problems.  On the past, the only liquid samples submitted were small dropper bottles usually found to contain LSD. The explosion of the "Rave" Club drug culture has resulted in the introduction of several different drugs delivered in liquid form, including GHB, GBL and 1,4-BD.  These may be submitted as beverages suspected of being "adulterated" or the dosing bottles themselves may be submitted.  In addition, labs may receive soda-pop beverages or fruit drinks from high schools suspected of having ethanol added to it. Regional labs often receive hundreds of bottles of liquids, which must be examined.  A screening method, which could quickly identify "like" bottles, would make it easier to separate the items into groups for statistical sampling and further analytical testing. Finally, recent terrorist events have increased anxiety and suspicion, resulting in the increased submission of beverages suspected of being "tampered".  

Although labs may develop specific methods for a few of these compounds, it is vital that they put in place additional analytical screening tools, capable of detecting low molecular weight psychoactives.  Newly introduced GHB substitutes: 4-methyl-GHB (4-hydroxyvalerate), GHB-aldehyde, and GABA, are already in use and are not being tested for by forensic labs.  Future DFSA [Drug facilitated Sexual Assault] cases will undoubtedly involve these compounds and it is important that labs are able to detect their presence.

Method:  
Principles of Freezing Point Osmometry 4

When a solute is dissolved in a pure solvent [water], the physical/chemical properties of the solvent are changed. The freezing point is depressed, the boiling point is raised, the vapor pressure is lowered and the osmotic pressure is increased. One mole [gram-molecular weight] of a non-dissociating solute dissolved in 1 kg of water, decreases the freezing point by 1.86oC.  This solution would have an osmotic pressure of 1 Osmol/kg or 1000 milliosmols/kg, expressed as 1000 mOsm/kg.

An osmometer is a device for extremely precise determinations of the concentration of solutions by means of freezing-point measurement. The quickest and most precise way to measure the freezing point of a solution is to supercool it several degrees below its freezing point and then mechanically induce the sample to freeze. The heat of fusion suddenly liberated causes the sample temperature to rise toward a temporary plateau wherein a liquid/solid equilibrium is maintained. This equilibrium temperature is, by definition, the freezing point of the solution. Osmometers include high precision electronic thermometers to sense sample temperature, control the degree of supercooling and to measure the freezing point of the sample. 

In a typical freezing point measurement using the Advanced 3D3 instrument, 0.25 ml of homogeneous liquid sample is pipetted into a disposable sample cup. The cup is then placed into a freezing chamber maintained at -7oC.  When the measurement begins, a probe containing a thermister and stir wire descends into the sample. Over the next minute, the sample is quickly supercooled below its freezing point.  The stir wire vibrates causing rapid freezing and the freezing point is measured.  The microprocessor then converts the measured freezing point to Osmolality and displays the result in mOsm/kg. Since the increase in Osmolality is proportion to the molality of the solution, small molecular weight substances [less than 150] present in relatively high concentration [1-5%] will effect the Osmolality.  Typical drugs of abuse [Cocaine, Amphetamine, etc] have molecular weights that are too large to effect the osmolality.   For appropriate measurement, the materials must form a homogenous solution and be totally miscible in water.  Samples are not destroyed during the procedure and can be thawed and returned to evidence.
Current Uses:

· Hospital Labs: Serum and urine are tested to determine electrolyte balance, diabetic acidosis, lactic acidosis, shock, stroke, and intoxication from alcohol's [ethanol, methanol, isopropanol], and ethylene glycol.
· Rehydration from Diarrhea: Fluids similar to serum osmolality levels [280-300 mOsm/kg] are absorbed faster and more complete. Sports beverages target these levels in their products.  Elevated levels in soda type beverages and fruit drinks limit their use for rehydration after intense exercise.
· Consumer Products: Car windshield wash is 30-50% methanol.  The ability to protect from freezing to "-25 degrees" is directly related to the fluids freezing point depression, which is due to the concentration of methanol [Molc. Wt. 32].  Ethanol would be less toxic, but at a molecular weight of 46, 50% more would be needed to provide the same protection and this would be too expensive.
Results and Discussion

The Case of the Missing Demerol 1
In the 1980's the toxicology lab of St. Mary's Hospital received a call from the DEA regarding a theft of Demerol investigation. A number of patients at a local hospital were complaining that they still had pain even after receiving their Demerol injections. Hundreds of nurses were working at any one time and they often worked on different nursing stations. To locate the suspect, the agent systematically switched all nurses floor schedules on several days.  This process demonstrated that the patient complaints only occurred when a certain nurse was on duty.  The case involved 75 mg Demerol syringes.  The agent reasoned that the Demerol was being removed and used by the nurse and a unknown liquid placed back in the syringe for patient injection. Because no patient became ill, it was felt that the nurse was using one of four sterile solutions, which were available for injections.  He needed to know which was being used so he could confront her and hopefully illicit a confession.  The available solutions included two normal saline's and two sterile water's.

· 75 Mg Demerol Suspect syringe: Tested and compared to a Control syringe and found to contain 3.9 mg Demerol.  This is consistent with a single plunger removal of Demerol and refill.

· Two tests were performed on all submitted solutions; Osmolality and Specific Gravity

	Sample
	Osmolality [mOsm/kg]
	Spec. Gravity

	75 mg Demerol Control Syringe
	429
	1.037

	75 mg Demerol Suspect Syringe
	381
	1.011

	Abbott Bacteriostatic Saline
	374
	1.010

	Lyphomed Saline
	291
	1.004

	Quad Bacteriostatic Water
	93
	1.005

	Abbott Sterile Water
	1
	1.000


· The Specific Gravity had limited usefulness because it could not differentiate between all solutions

· The osmolality demonstrated that Abbott Bacteriostatic Saline was most likely used to refill the syringe. The observed 381 mOsm/kg result in the suspect syringe, was due to the effect of the 5% Demerol solution still remaining in the syringe.

· Upon confrontation with the evidence, the nurse admitted her guilt and was arrested.

· With the exception of osmolality, no other laboratory method available at that time, could have been employed to differentiate between different brands of Saline and Water.

Advanced 3D3 Osmometer Evaluation: 3

· Approximately one foot square counter space, weight 25 lbs

· Solid state, 150 watts, newer small volume cooling bath design allows for calibration and start of analysis, 15 minutes after plug-in [verified].  Calibration stored in RAM if power is disconnected.

· Usable range without dilution: 0-2000 mOsm/kg, Calibration at 100 mOsm/kg and 1500 mOm/kg [calibrators supplied and validated by manufacturer]

· Uses disposable 0.25 ml cuvettes [ $0.27 each], reusable cuvettes available

· No auto-carousal [on this model], time to result 2-3 minutes [measured]

· Uses 0.25 ml sample. Sample not destroyed, can be thawed and saved

· Cost [NEEDED]
[image: image1.wmf]Advanced 3D3 Osmometer Linearity Plot

0

500

1000

1500

2000

2500

0

500

1000

1500

2000

2500

Expected Values

Measures Values

         Linearity
	  Expected
	   Measured

	2000
	1991

	1000
	988

	500
	494

	250
	261

	125
	128

	62.5
	67

	31.25
	36

	15.62
	20

	7.81
	11

	3.90
	7

	1.95
	5

	0.98
	4


R=0.9999

Slope 0.9917

Intercept 3.78

Need to Recalculate

In-Run Precision

10 same lot samples of Diet Mountain Dew and Mountain Dew were run, alternating between types to check precision as well as carry-over. Results in mOsm/kg.  The low C.V.'s at both ends of the measurement range demonstrate excellent reproducibility.

	Advanced 3D3 Osmometer Within Run Precision

	Sample #
	Diet Mt. Dew
	Mt. Dew

	1
	27
	804

	2
	27
	801

	3
	27
	808

	4
	27
	807

	5
	27
	806

	6
	26
	806

	7
	26
	805

	8
	27
	805

	9
	26
	808

	10
	27
	809

	CV
	1.7%
	0.3%


Beverage Baseline Database 1,2,3

A comprehensive osmolality beverage database was needed as the first step in investigating beverage tampering with low molecular weight psychoactive substances. 146 beverages were tested.  Whenever possible, 16-20 oz plastic, screw cap beverages were selected, as these are the most likely to be tampered with.  8 oz "energy drinks" in non-resealing metal cans were also tested. The full database is available as an Excel Spreadsheet for download.  Sports beverage results were interesting.  Although producers of sports beverages claim their products are "isotonic" and compare to serum values of 280-300 mOsm/kg, we did not find any in the physiological range. One sports beverage had a value of 190 mOsm/kg.  The 11 remaining drinks ranged from 361-428 mOsm/kg.

	Beverage Osmolality Database [mOsm/kg]

	Beverage Type
	Range
	Average
	Number

	Water; Purified, Mineral, Tap
	0-28
	7
	10

	Diet; Sodas, Teas
	13-44
	29
	19

	Fruit Waters
	24-39
	36
	5

	Brewed Coffee [Black]
	28-53
	39
	7

	Sports Beverages
	190-428
	390
	12

	Sugar Containing Sodas, Fruit Drinks
	537-1112
	760
	95

	Energy Drinks; Red Bull, etc
	673-1030
	878
	5


To determine the validity of using baselines, several different lots of each beverage need to be checked in different bottling locations. Initial osmolality data [below] demonstrates some limited variability, but surprising consistency.  Obtaining a control beverage of the same lot number may facilitate the processing of individual beverage tampering cases.

	Beverage Osmolality Database [mOsm/kg]

	Beverage
	Osmol
	Date
	City, State
	Beverage
	Osmol
	Date
	City, State

	Pepsi 3
	711
	10/01
	Augusta, ME
	Diet Pepsi 3
	13
	10/01
	Buffalo, NY

	Pepsi 3
	713
	11/01
	Rochester, NY
	Diet Pepsi 3
	14
	11/01
	Rochester, NY

	Pepsi 2
	726
	6/01
	Rochester, NY
	Diet Pepsi 3
	15
	11/01
	Rochester, NY

	Pepsi 3
	726
	11/01
	Buffalo, NY
	Diet Pepsi 3
	20
	10/01
	Augusta, ME

	Pepsi 3
	737
	10/01
	Portland, ME
	Diet Pepsi 2
	27
	6/01
	Rochester, NY

	
	
	
	
	Diet Pepsi 3
	32
	10/01
	Portland, ME


Consumer products database

A sampling of mouthwashes, eye drops and breath drops was performed to determine if this test might be useful for forensic cases. LSD is often dosed from small dropper bottles of eye drops or  breath drops.  The finding of a different osmolality may indicate tampering and possible substitution of the original fluid with a water-based fluid containing LSD.  To prevent swelling or shrinking of the eye, eye drops must be formulated to match the osmolality of the eye's fluid. 

	Consumer Products Osmolality Database [mOsm/kg]

	Type
	Range
	Average
	Number

	Mouthwash
	2660-4900
	3683
	6

	Breath Drops
	13950-14130
	14040
	2

	Eye Drops
	270-293
	285
	3


Estimated Osmolality Increases from Substances of Forensic Interest

Osmolality is a useful screening tool to detect the presence of small molecular weight psychoactives in forensic beverage cases.  The osmolality of the beverage will be increased above its baseline in proportion to the concentration of the agent used and its molecular weight.

	Estimated Osmolality Values [mOsm/kg]

	Substance
	MW
	1% Solution
	10% Solution

	Methanol
	32.04
	312
	3121

	Ethanol
	46.07
	217
	2170

	Acetone
	58.08
	172
	1722

	Isopropanol
	60.09
	164
	1664

	Ethylene Glycol
	62.07
	161
	1611

	GBL [-butyrolactone]
	86.09
	116
	1161

	GHB-Aldehyde [- hydroxybutyraldehyde]
	88.11
	113
	1135

	1,4-BD [1,4-Butanediol]
	90.12
	110
	1110

	GABA [-Aminobutyric Acid]
	103.12
	97
	970

	GHB [-hydroxybutyrate]
	104.11
	96
	961

	Methyl-GHB [4-hydroxyvalerate]
	118.13
	85
	846


Beverage Tampering with GBL, 1,4-BD 3
To determine the effect of GBL and 1,4-BD on the osmolality of beverages, 20% V/V solutions of GBL and 1,4-BD in DH20 were prepared.  Using Mountain Dew and Diet Mountain Dew as test beverages, each was spiked with concentrations of GBL and 1,4-BD ranging from 10 % to 0.5%.  The osmolalities were measured and compared to beverage baseline measurements.

	Mountain Dew

	GBL Spike
	mOsm/kg
	
	1,4-BD Spike
	mOsm/kg

	10%
	1856
	
	10% 
	No Result

	5%
	1378
	
	5%
	1376

	2%
	1042
	
	2%
	1036

	1%
	930
	
	1%
	925

	0.5%
	868
	
	0.5%
	867

	Baseline
	805
	
	Baseline
	805


	Diet Mountain Dew

	GBL Spike
	mOsm/kg
	
	1,4-BD Spike
	mOsm/kg

	10%
	1332
	
	10% 
	1358

	5%
	699
	
	5%
	671

	2%
	299
	
	2%
	279

	1%
	168
	
	1%
	152

	0.5%
	100
	
	0.5%
	91

	Baseline
	33
	
	Baseline
	33


The results indicate that even a 0.5% spike of GBL or 1,4-BD into the beverage, will cause a measurable increase in the osmolality.  Because recreational use of these chemicals involves ingestion of 1-3 grams, a typical 6ml "capful" dose would contain 30% of the psychoactive material.  At this concentration, the beverage would need to be diluted 1:5 with DH2O and retested, as the 30% concentration exceeds the instrument high linearity range.

Ethanol in Soda-Type Beverages 3 

Recent reports have indicated that high school students occasionally "spike" their lunch beverages with ethanol.  We investigated the effect of alcohol on beverage osmolality.  1 oz of 80 proof vodka was added to 20 oz bottles of Mountain Dew and Diet Mountain Dew.  Vodka was selected because it has almost no odor.  This is the minimum amount of alcohol that would probably be used, as the entire bottle would have to be consumed for only one drink.

· 30 ml + 590 ml Soda Beverage [No odor of alcohol]

· Diet Mountain Dew: Baseline - 26 mOsm/kg, Spike - 332 mOsm/kg

· Mountain Dew:  Baseline - 807 mOsm/kg, Spike - 1174 mOsm/kg
Additional Forensic Uses

Identification of sugar based beverages substituted for diet beverages

· Diet Pepsi: 13-32 mOsm/kg  n=6

· Pepsi: 711-737 mOsm/kg  n=5

Although only 11 different lots were tested, there is enough separation between diet beverage and sugar beverage to allow a reasonable determination of diet and sugar beverage identification.

Poisoning of Animals Water with Ethylene Glycol

Dogs and cats are very sensitive to the effects of antifreeze [Ethylene Glycol].  Fatal amounts are 1 ml/kg for cats and 4-5 ml/kg for dogs. The sweet taste of Ethylene Glycol makes it even more attractive as a toxic agent. Suspected water dishes should be screened for ethylene glycol.  Osmolality is a useful initial screen in that it will detect the presence of ethylene glycol and other alcohols at very low levels in water. Based on ethylene glycol's molecular weight of 62.02, a 1% solution in water would read 161 mOsm/kg, with a tap water value of 3.

Grouping and statistical sampling

Regional crime labs are often presented with large cases containing several hundred bottles of liquid to examine for the presence of GHB/analogs.  Automated osmometers are available which will perform unattended, 30 tests/hr.  [Advanced Model #3900, List Price $18,500.]  Osmolality could be used as an effective screening tool to "sort out" these items before applying statistical sampling for follow-up analytical identification.

Identification of Water 1,2,3

Water is submitted on occasion to crime labs.  Although osmolality cannot detect the presence of large molecular weight compounds in water at low concentrations [street drugs], it is an excellent tool to identify that the solution submitted is water. Most waters tested ranged from 0-8 mOsm/kg.  Only high mineral content spring waters had values up to 28 mOsm/kg.  Non water solvents will not freeze and no result will be obtained. Any polar solvent mixed into water will greatly increase its osmolality.  Acids and bases that have been added to the water will cause a pH change and effect the osmolality.  A solution of 1 ml of Chlorox [5% hypochlorite] in 100 ml of DH20 has a pH of 10.5 and a resulting osmolality of 43.  A solution of 1 ml of 12N HCl in 100 ml of DH20 has a pH of 1.0 and a resulting osmolality of 243.  A 1% solution of ethanol in DH20 has a 158 mOsm/kg osmolality.

Limitations

Drugs in solution

At we have mentioned previously, the high molecular weight of common street drugs and their low concentration in submitted solutions, makes osmolality an ineffective screening tool for their identification.  A single Methylphenidate tablet containing 5 mg of active drug, weighing [      ], dissolved in 30 ml DH20, only produced a measured osmolality of 11 Mosm/kg.  The detection of drink tampering with flunitrazepam and other sedative benzodiazepines using osmolality is not recommended.

Urine in beverages

The osmolality of an individual's urine varies widely [100-1090 mOsm/kg] and depends on his/her degree of hydration. Urine urea, the compound of highest concentration in the urine [0.7-3.3 g/100 ml] is a better indicator of tampering.

Saliva in beverages 1

Amylase, which is present in very high levels in saliva [20,000 units/100 ml], is a better indicator of tampering.
Conclusion:

With ever increasing case loads and limited personnel increases, crime labs need efficient new tools to process the disturbing increases in liquid sample submissions. Osmolality, a effective analytical tool of the hospital laboratory, food and consumer products industries, can be an excellent, low cost, rapid and non-destructive screening tool for the forensic drug testing laboratory.  With results available within 15 minutes after plug-in, the instrument could be adapted for field testing at large concert events from police D.U.I. vans.  This would allow beverage screening before submission to the crime lab. 

References:

Conform to the US Government Printing Office Style

(1) St. Mary's Hospital Toxicology Lab, Rochester NY [1985-1990] using an Advanced 3D2                           Osmometer, James F. Wesley, Unpublished Data
(2) Rochester Institute of Technology, Rochester NY [2000-2001] using an Advanced Wide Range 3W2 Osmometer, Thuso Joseph Senosi

(3) Drug ID Systems, Inc. Rochester, NY [2001] using an Advanced 3D3 Osmometer,  James F. Wesley, Unpublished Data

(4) Advanced Instruments 3D3 Osmometer Manual

� EMBED Excel.Sheet.8  ���








1
9

[image: image2.wmf]Advanced 3D3 Osmometer Linearity Plot

0

500

1000

1500

2000

2500

0

500

1000

1500

2000

2500

Expected Values

Measures Values

_1071410576.xls
Chart1

		2000

		1000

		500

		250

		125

		62.5

		31.25

		16.12

		8.06

		4.03

		2.01

		1



Linearity Plot Measured

Expected Values

Measures Values

Advanced 3D3 Osmometer Linearity Plot

1991

988

494

261

128

67

36

20

11

7

5

4



Sheet1

		

		Linearity Plot

		Expected		Measured

		2000		1991

		1000		988

		500		494

		250		261

		125		128

		62.5		67

		31.25		36

		16.12		20

		8.06		11

		4.03		7

		2.01		5

		1		4





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Linearity Plot Measured

Expected Values

Measured VAlues

Advanced 3D3 Linearity Plot

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






