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Disclaimer
 I am a paid employee of NMS Labs, a commercial provider of Toxicology and 

other forensic testing services.



Toxicology

• Paracelsus (1493-1541)

“All substances are poisons; there is none which is not a 
poison. The right dose differentiates a poison and a 
remedy.”



WHY Forensic Toxicology?

Forensic toxicology exists because:

• People MISUSE drugs
• People take TOO MUCH drug
• People take TOO LITTLE drug
• People take the WRONG drugs



Forensic Toxicologist in Death Investigation

• Interact with investigators and 
pathologists

• Recommend samples
• Select methods of analyses
• Perform toxicological analyses
• Gather data, interpret the 

results, and generate a report



Toxicology in the Perfect World

• Autopsy is performed immediately following 
death 

• Toxicology testing performed immediately 
following autopsy 

• Concentration of drugs measured in the blood 
will accurately reflect concentration that was 
circulating at the time of death.

This will never happen…..



So…

• What happens to drugs in the specimen 
between death and autopsy?

• What happens to drugs in the specimen 
between collection and testing?

• Can post-mortem toxicology results be 
interpreted in a useful manner?



• What happens to drugs in the specimen 
between death and autopsy?

• Post-mortem interval

• Environmental conditions

What can’t we control?



The False Assumptions

• Postmortem blood drug concentrations reflect 
those at the moment of death

• Blood drug concentrations are reasonably 
predictable

• Pharmacokinetics is useful in postmortem 
cases

• Drug dose can be estimated from 
postmortem blood concentrations

From CAT 2003 Quarterly Meeting; Dr. Graham Jones; Presentation on Interpretation of PM Findings



Post-mortem interval

• Post-mortem redistribution
• Redistribution and diffusion of 

drugs after death
• Time and concentration 

dependent
• Basic, lipophilic drugs with 

higher volumes of distribution

• Decomposition
• Alcohol formation
• Specimen issues



Sample Integrity

• Where is blood from?
• Is it cardiac blood or “chest” blood?
• How good is a large volume of 

femoral blood?
• Is the blood/tissue contaminated?

• Diffusion from stomach?
• Ruptured stomach/diaphragm?
• Aspiration of gastric contents?

• Is the “blood” really “blood”?
• Or is it pleural fluid, bloody chest 

fluid?
From CAT 2003 Quarterly Meeting; Dr. Graham Jones; Presentation on Interpretation of PM Findings



Mechanisms of PMR

• Diffusion of drug from a reservoir
• Gastrointestinal tract, liver, lung, myocardium, fat
• Diffusion through blood vessels or across tissue

• Cell and Tissue Changes
• Cell death, blood movement, blood stasis and lysis, 

putrefactive processes
• Determinative Factors

• Drug kinetics and properties
• Acid/base properties, lipophilicity, protein binding, 

potential for postmortem metabolism



SAMPLE COLLECTION, STORAGE
&

ANALYSIS

WHAT CAN WE CONTROL?



Analytical Considerations
• What specimen(s)?

• Blood – peripheral v. cardiac
• Tissue – liver, kidney, brain, others?
• Urine
• Vitreous fluid

• Testing 
• Immunoassays
• HRMS Screens
• Confirmation/Quantification



Collection Containers

• What happens to drugs in the specimen 
between collection and testing?

• Collection container

• Storage temperature

• Time between collection and testing



Collection Tube Types



Gray Top Tube

• 1% NaF to inhibit enzymatic 
and microbial activity 

• fill 10 mL if possible
• Most important for alcohol
• Oxalate anticoagulant
• Lavender top (EDTA) is next 

best for most other tests



Why Gray Top Tubes?

• Fluoride is added to inhibit:
• microorganism-mediated conversion of glucose to ethanol
• microorganism-mediated oxidation of ethanol to 

acetaldehyde
• post-mortem conversion of cocaine to inactive cocaine 

metabolites by pseudocholinesterase
• enzymatic loss of other esters such as 6-MAM



Stability in Blood at 25 oC
Unpreserved, Physiological pH 

COC  EME

Isenschmid et al., JAT 1989
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Sheet1

		Time, hr		COC, IV		COC, IN		COC, SM		BE, IV		BE, IN		BE, SM

		0.02		218		7.5		192

		0.05		194		17		195

		0.08		174		27		180		1.8				1.4

		0.17		160		43		142		13				16

		0.25		142		53		144		33				16

		0.33		126		55		107		57		0.83		29

		0.5		99		60		96		77		15		58

		0.75		77		61		77		89		54		68

		1		62		62		63		104		86		77

		1.5		47		51		49		101		108		76

		2		37		46		42		101		129		82

		3.04		23		40		28		100		126		81

		4		17		29		21		95		123		74

		6		8.7		21		17		72		107		61

		12		6		11		11		30		47		27
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Sheet3

		Time, hr		COC, IV		COC, IN		COC, SM		BP, IV		BP, IN		BP, SM		BP, PL

		-0.5		0		0		0		130		137		135		130

		0.02		218		7.5		192		150		142		165		136

		0.05		194		17		195		145		130		150		130

		0.08		174		27		180		142		132		170		130

		0.17		160		43		142		144		134		135		124

		0.25		142		53		144		135		135		140		125

		0.33		126		55		107		147		137		136		126

		0.5		99		60		96		145		131		135		121

		0.75		77		61		77		140		129		125		124

		1		62		62		63		134		129		126		118

		1.5		47		51		49		138		133		139		122

		2		37		46		42		131		134		130		123
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Sheet5

		Time, hr		COC, IV		COC, IN		COC, SM		TEMP, IV		TEMP, IN		TEMP, SM		TEMP, PL

		-0.5		0		0		0		36.5		36.5		36.6		36.6

		0.02		218		7.5		192

		0.05		194		17		195		36.75		36.78		36.58		36.58

		0.08		174		27		180

		0.17		160		43		142		36.9		36.93		36.77		36.78

		0.25		142		53		144		36.88		37.02		36.88		36.77

		0.33		126		55		107		36.98		36.95		36.92		36.9

		0.5		99		60		96		36.93		36.88		36.92		36.52

		0.75		77		61		77		36.73		36.88		36.59		36.55

		1		62		62		63		36.72		36.95		36.59		36.5

		1.5		47		51		49		36.65		36.76		36.4		36.48

		2		37		46		42		36.9		36.73		36.73		36.55
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Sheet7

		Time, hr		COC, IV		COC, IN		COC, SM		PUP, IV		PUP, IN		PUP, SM		PUP, PL

		-0.5		0		0		0		3.75		4		3.74		4.15

		0.02		218		7.5		192		4.8		4.1		4.48		4

		0.05		194		17		195		4.37		4.5		4.2		3.7

		0.08		174		27		180		4.74		4.18		4.58		3.95

		0.17		160		43		142		4.75		4.54		4.93		3.93

		0.25		142		53		144		4.53		4.5		4.7		4.15

		0.33		126		55		107		4.38		4.35		4.48		4.12

		0.5		99		60		96		4.1		4.2		4.62		3.82

		0.75		77		61		77		4.27		4.56		4		3.82

		1		62		62		63		4.5		4.33		4.12		4.12

		1.5		47		51		49		4.33		4.37		4.02		4.32

		2		37		46		42		4.2		4.27		4.1		4.11
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Sheet9

		Time, hr		COC, IV		COC, IN		COC, SM		HR, IV		HR, IN		HR, SM		HR, PL

		-0.5		0		0		0		82.5		85.3		88.2		85

		0.02		218		7.5		192		113		88.2		108		85.8

		0.05		194		17		195		115		89.7		114		85

		0.08		174		27		180		112		89		111		85.6

		0.17		160		43		142		110		90		104		88.2

		0.25		142		53		144		105		91.5		103		82.5

		0.33		126		55		107		104		93		103		87.4

		0.5		99		60		96		101		91		92.2		86.9

		0.75		77		61		77		93		91.5		94.2		82.3

		1		62		62		63		91.8		90.5		91		82.3

		1.5		47		51		49		87.8		87		88		81.7

		2		37		46		42		89		83.5		86.4		82.1
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Sheet11

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.02		218		7.5		192		19.6		1.75		30.2		0

		0.05		194		17		195		11		3.25		37		0

		0.08		174		27		180		8.2		6.58		35		0

		0.17		160		43		142		3.75		6		29		0

		0.25		142		53		144		3.75		9.4		25.6		0

		0.33		126		55		107		2.5		8.75		17.8		0

		0.5		99		60		96		1.2		8.75		16.5		0

		0.75		77		61		77		0.08		9.08		10.6		0

		1		62		62		63		0		8.83		6.8		0

		1.5		47		51		49		0		6.58		9		0

		2		37		46		42		0		3.33		1		0
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Sheet13

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.17		160		43		142		0.7		0.8		1.7		0

		0.33		126		55		107		1		0.7		1.3		0

		0.5		99		60		96		0.8		0.8		1.3		0

		0.75		77		61		77		0.5		0.5		1.3		0

		1		62		62		63		0.3		0.5		1		0

		1.5		47		51		49		0.3		0.7		1		0

		2		37		46		42		0.3		0.2		0.8		0
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Sheet16

		time (h)		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL

		-0.5		0.5		0.7		0.6		0.6		3.9		4		4.1		4		3		3.2		3.25		3.5		3.45		3.25		3.05		3.15

		0.17		2		1.2		3		0.6		3.5		4.15		7.5		3.6		2.55		2.55		3.15		3.15		4.6		4.55		6.45		3.25

		0.25		2.2		2.95		2.35		0.5		3.75		4.85		7.05		3.75		2.85		2.5		2		3.25		3.9		4.6		5.25		3.45

		0.5		2		1.3		1.6		0.6		3.65		4.85		6.45		3.7		2.75		2.3		2.4		3.35		3.55		4.75		4.6		3.9

		0.75		0.8		1.25		1.75		0.6		4		4.95		5.85		3.15		2.75		2.35		2.25		3.8		3.55		4.5		4.25		3.4

		1		0.75		1.35		1.25		0.75		3.75		5.4		5.55		3.85		3.3		2.5		2.6		3.4		3.45		4.5		3.25		3.45

		1.5		0.65		1.35		1.25		0.55		3.8		5.3		5.25		3.8		2.6		2.55		2.5		3.3		3.55		4.2		3.25		3.3

		2		0.5		1.45		0.55		0.55		3.9		5.5		5.4		3.9		2.7		2.55		2.65		3.35		3.4		3.7		3.05		3.3

				SEN		SEN		SEN		SEN		EU		EU		EU		EU		SED		SED		SED		SED		DYS		DYS		DYS		DYS
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		time (min)		COC, 25 MG		BE, 25 MG		COC, 50 MG		BE, 50 MG		COC, 16 MG		BE, 16 MG		COC, 32 MG		COC, 32 MG

		-20		0		0.03		0		0.02		0		0.01		0		0.01

		4		0.14		0.03		0.22		0.03		0.12		0.02		0.26		0.05

		18		0.21		0.08		0.38		0.11		0.23		0.09		0.47		0.18

		30		0.15		0.13		0.28		0.21		0.18		0.16		0.37		0.28

		44		0.12		0.16		0.021		0.28		0.12		0.2		0.3		0.36

		60		0.09		0.2		0.16		0.31		0.1		0.23		0.21		0.38

		90		0.06		0.19		0.12		0.35		0.07		0.24		0.14		0.4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		0.64		0.06		0.67		1		1.5		0		0.09

		2		0.33		0.08		1		2		1.6		0		0.16

		3		0.18		0.09		1		3		1.5		0		0.19

		5		0.08		0.09		1		5		1.4		0		0.27

		8		0.05		0.11		1.1		8		1.4		0.05		0.42

		11		0.03		0.08		0.89		11		1.2		0.06		0.48

		15		0.04		0.08		0.79		15		1		0.08		0.6

		20		0		0.06		0.5		20		0.83		0.1		1

		25		0		0.05		0.44		25		0.77		0.1		0.83

		33		0		0		0.44		33		0.6		0.3		1

		40		0		0		0.27		40		0.51		0.14		0.95

		53		0		0		0.2		53		0.26		0.13		1.2

		66		0		0		0		66		0.2		0.15		1

		80								80		0.17		0.16		1.2

		110								110		0.07		0.14		1.1

		150								150		0.05		0.16		1.3

		200								200		0		0.13		0.92

																		Stability

																		Unpreser

																		25

																		Stability

																		Unpreser

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0.12		0		1		1.8		0		0

		2		1.4		0.23		0		2		1.7		0		0

		3		1.4		0.34		0		3		1.7		0		0

		5		1.2		0.5		0		5		1.7		0		0

		8		1.1		0.74		0.05		8		1.8		0.09		0

		11		0.86		0.9		0.06		11		1.8		0.1		0

		15		0.76		1.2		0.08		15		1.7		0.13		0

		20		0.42		1.2		0		20		1.8		0.18		0

		25		0.33		1.3		0.06		25		1.8		0.2		0

		33		0.19		1.4		0.05		33		1.8		0.3		0

		40		0.18		1.4		0		40		1.6		0.38		0

		53		0.17		1.4		0		53		1.5		0.41		0

		66		0		1.3		0		66		1.3		0.48		0

		80		0		1.2		0		80		1.2		0.51		0

		110		0		0.94		0		110		1		0.65		0

		150		0		0.85		0		150		0.86		0.92		0.12

		200		0		0.61		0		200		0.64		1		0.2

																		Stability

																		2% naF

																		25

																		Stability

																		2% naF

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.7		0		0

		1		1.7		0		0		1		1.7		0		0

		2		1.7		0		0		2		1.7		0		0				2% naF

		3		1.8		0		0		3		1.7		0		0				ph 5

		5		1.7		0		0		5		1.7		0		0

		8		2.1		0.08		0		8		2.1		0		0

		11		1.8		0.06		0		11		2.2		0		0

		15		1.8		0.09		0		15		1.9		0		0

		20		1.9		0.14		0		20		1.9		0		0

		25		1.8		0.15		0		25		1.8		0		0

		33		1.8		0.21		0		33		2		0		0

		40		1.7		0.24		0		40		2		0		0

		53		1.7		0.3		0		53		1.9		0		0

		66		1.5		0.33		0		66		1.9		0		0

		80		1.5		0.32		0		80		1.7		0		0

		110		1.3		0.39		0		110		1.7		0		0

		150		1.4		0.64		0		150		1.9		0.09		0

		200		1.2		0.8		0		200		1.8		0		0
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0		0		1		1.6		0		0

		2		1.3		0		0		2		1.6		0		0

		5		1.7		0		0		5		1.6		0		0

		8		1.9		0.07		0		8		1.9		0		0

		11		1.8		0.06		0		11		1.6		0		0

		15		1.7		0.07		0		15		1.9		0		0

		20		1.8		0.1		0		20		1.8		0		0

		25		1.9		0.11		0		25		2		0		0

		33		1.7		0.15		0		33		1.8		0		0

		53		1.5		0.18		0		53		1.8		0		0

		66		1.2		0.2		0		66		1.7		0		0

		110		1.5		0.32		0		110		1.9		0		0

		150		1.6		0.5		0		150		1.7		0.06		0

		200		1.1		0.54		0		200		2		0		0
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		Time (h)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		1		0.9		1		1		0.13		0		0

		2		0.76		1		1		0.26		0		0

		3		0.6		1		1		0.38		0		0

		6		0.26		0.95		1		0.62		0.04		0

		12		0.07		0.89		1		0.75		0.08		0

		24		0		0.86		1		0.65		0.16		0

		48		0		0.69		1		0.43		0.29		0

		72		0		0.55		1		0.28		0.44		0

		98		0		0.42		1		0.16		0.56		0

		Time (days)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		0.125		0.6		1		1		0.38		0		0

		0.25		0.26		0.95		1		0.62		0.04		0

		0.5		0.07		0.89		1		0.75		0.08		0

		1		0		0.86		1		0.65		0.16		0

		2		0		0.69		1		0.43		0.29		0

		3		0		0.55		1		0.28		0.44		0

		4		0		0.42		1		0.16		0.56		0

		5		0		0.35		0.96		0.12		0.62		0

		7		0		0.23		1		0.04		0.75		0

		10		0		0.11		1		0		0.82		0

		14		0		0.06		1		0		0.88		0

		21		0		0		1		0		1		0

		28		0		0		1		0		0.92		0
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		Time (days)		COC, pH 10		COC, pH 7.4		BE, pH 10		BE, pH 7.4

		0		0.99		0.99		0		0

		0.125		0.9		0.99		0.07		0

		0.25		0.77		0.98		0.17		0

		0.5		0.72		0.92		0.29		0

		1		0.53		0.97		0.45		0

		2		0.3		0.94		0.59		0

		3		0.16		0.93		0.7		0

		4		0.09		0.93		0.71		0.04

		5		0.06		0.93		0.72		0.04

		7		0		0.87		0.64		0.06

		10		0		0.9		0.58		0.09

		14		0		0.91		0.51		0.12

		21		0		0.87		0.33		0.2

		28		0		0.72		0.22		0.24
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		time (h)		COC, 25 deg, 0.25 mg/L		COC, 25 deg, 1.0 mg/L		COC, 4 deg, 0.25 mg/L		COC, 4 deg, 1.0 mg/L

		0		0.26		1		0.24		0.98

		2		0.21		0.8		0.23		0.92

		4.5		0.12		0.53		0.21		0.89

		6.5		0.07		0.32		0.21		0.85

		11.5		0		0.09		0.19		0.75

		24		0		0		0.14		0.62

		48		0		0		0.08		0.51

		72		0		0		0.05		0.23

		120		0		0		0		0.09
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Sheet1

		Time, hr		COC, IV		COC, IN		COC, SM		BE, IV		BE, IN		BE, SM

		0.02		218		7.5		192

		0.05		194		17		195

		0.08		174		27		180		1.8				1.4

		0.17		160		43		142		13				16

		0.25		142		53		144		33				16

		0.33		126		55		107		57		0.83		29

		0.5		99		60		96		77		15		58

		0.75		77		61		77		89		54		68

		1		62		62		63		104		86		77

		1.5		47		51		49		101		108		76

		2		37		46		42		101		129		82

		3.04		23		40		28		100		126		81

		4		17		29		21		95		123		74

		6		8.7		21		17		72		107		61

		12		6		11		11		30		47		27
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Sheet3

		Time, hr		COC, IV		COC, IN		COC, SM		BP, IV		BP, IN		BP, SM		BP, PL

		-0.5		0		0		0		130		137		135		130

		0.02		218		7.5		192		150		142		165		136

		0.05		194		17		195		145		130		150		130

		0.08		174		27		180		142		132		170		130

		0.17		160		43		142		144		134		135		124

		0.25		142		53		144		135		135		140		125

		0.33		126		55		107		147		137		136		126

		0.5		99		60		96		145		131		135		121

		0.75		77		61		77		140		129		125		124

		1		62		62		63		134		129		126		118

		1.5		47		51		49		138		133		139		122

		2		37		46		42		131		134		130		123
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Sheet5

		Time, hr		COC, IV		COC, IN		COC, SM		TEMP, IV		TEMP, IN		TEMP, SM		TEMP, PL

		-0.5		0		0		0		36.5		36.5		36.6		36.6

		0.02		218		7.5		192

		0.05		194		17		195		36.75		36.78		36.58		36.58

		0.08		174		27		180

		0.17		160		43		142		36.9		36.93		36.77		36.78

		0.25		142		53		144		36.88		37.02		36.88		36.77

		0.33		126		55		107		36.98		36.95		36.92		36.9

		0.5		99		60		96		36.93		36.88		36.92		36.52

		0.75		77		61		77		36.73		36.88		36.59		36.55

		1		62		62		63		36.72		36.95		36.59		36.5

		1.5		47		51		49		36.65		36.76		36.4		36.48

		2		37		46		42		36.9		36.73		36.73		36.55
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Sheet7

		Time, hr		COC, IV		COC, IN		COC, SM		PUP, IV		PUP, IN		PUP, SM		PUP, PL

		-0.5		0		0		0		3.75		4		3.74		4.15

		0.02		218		7.5		192		4.8		4.1		4.48		4

		0.05		194		17		195		4.37		4.5		4.2		3.7

		0.08		174		27		180		4.74		4.18		4.58		3.95

		0.17		160		43		142		4.75		4.54		4.93		3.93

		0.25		142		53		144		4.53		4.5		4.7		4.15

		0.33		126		55		107		4.38		4.35		4.48		4.12

		0.5		99		60		96		4.1		4.2		4.62		3.82

		0.75		77		61		77		4.27		4.56		4		3.82

		1		62		62		63		4.5		4.33		4.12		4.12

		1.5		47		51		49		4.33		4.37		4.02		4.32

		2		37		46		42		4.2		4.27		4.1		4.11
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Sheet9

		Time, hr		COC, IV		COC, IN		COC, SM		HR, IV		HR, IN		HR, SM		HR, PL

		-0.5		0		0		0		82.5		85.3		88.2		85

		0.02		218		7.5		192		113		88.2		108		85.8

		0.05		194		17		195		115		89.7		114		85

		0.08		174		27		180		112		89		111		85.6

		0.17		160		43		142		110		90		104		88.2

		0.25		142		53		144		105		91.5		103		82.5

		0.33		126		55		107		104		93		103		87.4

		0.5		99		60		96		101		91		92.2		86.9

		0.75		77		61		77		93		91.5		94.2		82.3

		1		62		62		63		91.8		90.5		91		82.3

		1.5		47		51		49		87.8		87		88		81.7

		2		37		46		42		89		83.5		86.4		82.1
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Sheet11

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.02		218		7.5		192		19.6		1.75		30.2		0

		0.05		194		17		195		11		3.25		37		0

		0.08		174		27		180		8.2		6.58		35		0

		0.17		160		43		142		3.75		6		29		0

		0.25		142		53		144		3.75		9.4		25.6		0

		0.33		126		55		107		2.5		8.75		17.8		0

		0.5		99		60		96		1.2		8.75		16.5		0

		0.75		77		61		77		0.08		9.08		10.6		0

		1		62		62		63		0		8.83		6.8		0

		1.5		47		51		49		0		6.58		9		0

		2		37		46		42		0		3.33		1		0
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Sheet13

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.17		160		43		142		0.7		0.8		1.7		0

		0.33		126		55		107		1		0.7		1.3		0

		0.5		99		60		96		0.8		0.8		1.3		0

		0.75		77		61		77		0.5		0.5		1.3		0

		1		62		62		63		0.3		0.5		1		0

		1.5		47		51		49		0.3		0.7		1		0

		2		37		46		42		0.3		0.2		0.8		0
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Sheet16

		time (h)		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL

		-0.5		0.5		0.7		0.6		0.6		3.9		4		4.1		4		3		3.2		3.25		3.5		3.45		3.25		3.05		3.15

		0.17		2		1.2		3		0.6		3.5		4.15		7.5		3.6		2.55		2.55		3.15		3.15		4.6		4.55		6.45		3.25

		0.25		2.2		2.95		2.35		0.5		3.75		4.85		7.05		3.75		2.85		2.5		2		3.25		3.9		4.6		5.25		3.45

		0.5		2		1.3		1.6		0.6		3.65		4.85		6.45		3.7		2.75		2.3		2.4		3.35		3.55		4.75		4.6		3.9

		0.75		0.8		1.25		1.75		0.6		4		4.95		5.85		3.15		2.75		2.35		2.25		3.8		3.55		4.5		4.25		3.4

		1		0.75		1.35		1.25		0.75		3.75		5.4		5.55		3.85		3.3		2.5		2.6		3.4		3.45		4.5		3.25		3.45

		1.5		0.65		1.35		1.25		0.55		3.8		5.3		5.25		3.8		2.6		2.55		2.5		3.3		3.55		4.2		3.25		3.3

		2		0.5		1.45		0.55		0.55		3.9		5.5		5.4		3.9		2.7		2.55		2.65		3.35		3.4		3.7		3.05		3.3
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		time (min)		COC, 25 MG		BE, 25 MG		COC, 50 MG		BE, 50 MG		COC, 16 MG		BE, 16 MG		COC, 32 MG		COC, 32 MG

		-20		0		0.03		0		0.02		0		0.01		0		0.01

		4		0.14		0.03		0.22		0.03		0.12		0.02		0.26		0.05

		18		0.21		0.08		0.38		0.11		0.23		0.09		0.47		0.18

		30		0.15		0.13		0.28		0.21		0.18		0.16		0.37		0.28

		44		0.12		0.16		0.021		0.28		0.12		0.2		0.3		0.36

		60		0.09		0.2		0.16		0.31		0.1		0.23		0.21		0.38

		90		0.06		0.19		0.12		0.35		0.07		0.24		0.14		0.4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		0.64		0.06		0.67		1		1.5		0		0.09

		2		0.33		0.08		1		2		1.6		0		0.16

		3		0.18		0.09		1		3		1.5		0		0.19

		5		0.08		0.09		1		5		1.4		0		0.27

		8		0.05		0.11		1.1		8		1.4		0.05		0.42

		11		0.03		0.08		0.89		11		1.2		0.06		0.48

		15		0.04		0.08		0.79		15		1		0.08		0.6

		20		0		0.06		0.5		20		0.83		0.1		1

		25		0		0.05		0.44		25		0.77		0.1		0.83

		33		0		0		0.44		33		0.6		0.3		1

		40		0		0		0.27		40		0.51		0.14		0.95

		53		0		0		0.2		53		0.26		0.13		1.2

		66		0		0		0		66		0.2		0.15		1

		80								80		0.17		0.16		1.2

		110								110		0.07		0.14		1.1

		150								150		0.05		0.16		1.3

		200								200		0		0.13		0.92

																		Stability

																		Unpreser

																		25

																		Stability

																		Unpreser

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0.12		0		1		1.8		0		0

		2		1.4		0.23		0		2		1.7		0		0

		3		1.4		0.34		0		3		1.7		0		0

		5		1.2		0.5		0		5		1.7		0		0

		8		1.1		0.74		0.05		8		1.8		0.09		0

		11		0.86		0.9		0.06		11		1.8		0.1		0

		15		0.76		1.2		0.08		15		1.7		0.13		0

		20		0.42		1.2		0		20		1.8		0.18		0

		25		0.33		1.3		0.06		25		1.8		0.2		0

		33		0.19		1.4		0.05		33		1.8		0.3		0

		40		0.18		1.4		0		40		1.6		0.38		0

		53		0.17		1.4		0		53		1.5		0.41		0

		66		0		1.3		0		66		1.3		0.48		0

		80		0		1.2		0		80		1.2		0.51		0

		110		0		0.94		0		110		1		0.65		0

		150		0		0.85		0		150		0.86		0.92		0.12

		200		0		0.61		0		200		0.64		1		0.2

																		Stability

																		2% naF

																		25

																		Stability

																		2% naF

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.7		0		0

		1		1.7		0		0		1		1.7		0		0

		2		1.7		0		0		2		1.7		0		0				2% naF

		3		1.8		0		0		3		1.7		0		0				ph 5

		5		1.7		0		0		5		1.7		0		0

		8		2.1		0.08		0		8		2.1		0		0

		11		1.8		0.06		0		11		2.2		0		0

		15		1.8		0.09		0		15		1.9		0		0

		20		1.9		0.14		0		20		1.9		0		0

		25		1.8		0.15		0		25		1.8		0		0

		33		1.8		0.21		0		33		2		0		0

		40		1.7		0.24		0		40		2		0		0

		53		1.7		0.3		0		53		1.9		0		0

		66		1.5		0.33		0		66		1.9		0		0

		80		1.5		0.32		0		80		1.7		0		0

		110		1.3		0.39		0		110		1.7		0		0

		150		1.4		0.64		0		150		1.9		0.09		0

		200		1.2		0.8		0		200		1.8		0		0
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0		0		1		1.6		0		0

		2		1.3		0		0		2		1.6		0		0

		5		1.7		0		0		5		1.6		0		0

		8		1.9		0.07		0		8		1.9		0		0

		11		1.8		0.06		0		11		1.6		0		0

		15		1.7		0.07		0		15		1.9		0		0

		20		1.8		0.1		0		20		1.8		0		0

		25		1.9		0.11		0		25		2		0		0

		33		1.7		0.15		0		33		1.8		0		0

		53		1.5		0.18		0		53		1.8		0		0

		66		1.2		0.2		0		66		1.7		0		0

		110		1.5		0.32		0		110		1.9		0		0

		150		1.6		0.5		0		150		1.7		0.06		0

		200		1.1		0.54		0		200		2		0		0
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		Time (h)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		1		0.9		1		1		0.13		0		0

		2		0.76		1		1		0.26		0		0

		3		0.6		1		1		0.38		0		0

		6		0.26		0.95		1		0.62		0.04		0

		12		0.07		0.89		1		0.75		0.08		0

		24		0		0.86		1		0.65		0.16		0

		48		0		0.69		1		0.43		0.29		0

		72		0		0.55		1		0.28		0.44		0

		98		0		0.42		1		0.16		0.56		0

		Time (days)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		0.125		0.6		1		1		0.38		0		0

		0.25		0.26		0.95		1		0.62		0.04		0

		0.5		0.07		0.89		1		0.75		0.08		0

		1		0		0.86		1		0.65		0.16		0

		2		0		0.69		1		0.43		0.29		0

		3		0		0.55		1		0.28		0.44		0

		4		0		0.42		1		0.16		0.56		0

		5		0		0.35		0.96		0.12		0.62		0

		7		0		0.23		1		0.04		0.75		0

		10		0		0.11		1		0		0.82		0

		14		0		0.06		1		0		0.88		0

		21		0		0		1		0		1		0

		28		0		0		1		0		0.92		0
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		Time (days)		COC, pH 10		COC, pH 7.4		BE, pH 10		BE, pH 7.4

		0		0.99		0.99		0		0

		0.125		0.9		0.99		0.07		0

		0.25		0.77		0.98		0.17		0

		0.5		0.72		0.92		0.29		0

		1		0.53		0.97		0.45		0

		2		0.3		0.94		0.59		0

		3		0.16		0.93		0.7		0

		4		0.09		0.93		0.71		0.04

		5		0.06		0.93		0.72		0.04

		7		0		0.87		0.64		0.06

		10		0		0.9		0.58		0.09

		14		0		0.91		0.51		0.12

		21		0		0.87		0.33		0.2

		28		0		0.72		0.22		0.24
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		time (h)		COC, 25 deg, 0.25 mg/L		COC, 25 deg, 1.0 mg/L		COC, 4 deg, 0.25 mg/L		COC, 4 deg, 1.0 mg/L

		0		0.26		1		0.24		0.98

		2		0.21		0.8		0.23		0.92

		4.5		0.12		0.53		0.21		0.89

		6.5		0.07		0.32		0.21		0.85

		11.5		0		0.09		0.19		0.75

		24		0		0		0.14		0.62

		48		0		0		0.08		0.51

		72		0		0		0.05		0.23

		120		0		0		0		0.09
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Sheet1

		Time, hr		COC, IV		COC, IN		COC, SM		BE, IV		BE, IN		BE, SM

		0.02		218		7.5		192

		0.05		194		17		195

		0.08		174		27		180		1.8				1.4

		0.17		160		43		142		13				16

		0.25		142		53		144		33				16

		0.33		126		55		107		57		0.83		29

		0.5		99		60		96		77		15		58

		0.75		77		61		77		89		54		68

		1		62		62		63		104		86		77

		1.5		47		51		49		101		108		76

		2		37		46		42		101		129		82

		3.04		23		40		28		100		126		81

		4		17		29		21		95		123		74

		6		8.7		21		17		72		107		61

		12		6		11		11		30		47		27
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Sheet3

		Time, hr		COC, IV		COC, IN		COC, SM		BP, IV		BP, IN		BP, SM		BP, PL

		-0.5		0		0		0		130		137		135		130

		0.02		218		7.5		192		150		142		165		136

		0.05		194		17		195		145		130		150		130

		0.08		174		27		180		142		132		170		130

		0.17		160		43		142		144		134		135		124

		0.25		142		53		144		135		135		140		125

		0.33		126		55		107		147		137		136		126

		0.5		99		60		96		145		131		135		121

		0.75		77		61		77		140		129		125		124

		1		62		62		63		134		129		126		118

		1.5		47		51		49		138		133		139		122

		2		37		46		42		131		134		130		123
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		Time, hr		COC, IV		COC, IN		COC, SM		TEMP, IV		TEMP, IN		TEMP, SM		TEMP, PL

		-0.5		0		0		0		36.5		36.5		36.6		36.6

		0.02		218		7.5		192

		0.05		194		17		195		36.75		36.78		36.58		36.58

		0.08		174		27		180

		0.17		160		43		142		36.9		36.93		36.77		36.78

		0.25		142		53		144		36.88		37.02		36.88		36.77

		0.33		126		55		107		36.98		36.95		36.92		36.9

		0.5		99		60		96		36.93		36.88		36.92		36.52

		0.75		77		61		77		36.73		36.88		36.59		36.55

		1		62		62		63		36.72		36.95		36.59		36.5

		1.5		47		51		49		36.65		36.76		36.4		36.48

		2		37		46		42		36.9		36.73		36.73		36.55
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		Time, hr		COC, IV		COC, IN		COC, SM		PUP, IV		PUP, IN		PUP, SM		PUP, PL

		-0.5		0		0		0		3.75		4		3.74		4.15

		0.02		218		7.5		192		4.8		4.1		4.48		4

		0.05		194		17		195		4.37		4.5		4.2		3.7

		0.08		174		27		180		4.74		4.18		4.58		3.95

		0.17		160		43		142		4.75		4.54		4.93		3.93

		0.25		142		53		144		4.53		4.5		4.7		4.15

		0.33		126		55		107		4.38		4.35		4.48		4.12

		0.5		99		60		96		4.1		4.2		4.62		3.82

		0.75		77		61		77		4.27		4.56		4		3.82

		1		62		62		63		4.5		4.33		4.12		4.12

		1.5		47		51		49		4.33		4.37		4.02		4.32

		2		37		46		42		4.2		4.27		4.1		4.11
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Sheet9

		Time, hr		COC, IV		COC, IN		COC, SM		HR, IV		HR, IN		HR, SM		HR, PL

		-0.5		0		0		0		82.5		85.3		88.2		85

		0.02		218		7.5		192		113		88.2		108		85.8

		0.05		194		17		195		115		89.7		114		85

		0.08		174		27		180		112		89		111		85.6

		0.17		160		43		142		110		90		104		88.2

		0.25		142		53		144		105		91.5		103		82.5

		0.33		126		55		107		104		93		103		87.4

		0.5		99		60		96		101		91		92.2		86.9

		0.75		77		61		77		93		91.5		94.2		82.3

		1		62		62		63		91.8		90.5		91		82.3

		1.5		47		51		49		87.8		87		88		81.7

		2		37		46		42		89		83.5		86.4		82.1
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Sheet11

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.02		218		7.5		192		19.6		1.75		30.2		0

		0.05		194		17		195		11		3.25		37		0

		0.08		174		27		180		8.2		6.58		35		0

		0.17		160		43		142		3.75		6		29		0

		0.25		142		53		144		3.75		9.4		25.6		0

		0.33		126		55		107		2.5		8.75		17.8		0

		0.5		99		60		96		1.2		8.75		16.5		0

		0.75		77		61		77		0.08		9.08		10.6		0

		1		62		62		63		0		8.83		6.8		0

		1.5		47		51		49		0		6.58		9		0

		2		37		46		42		0		3.33		1		0
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		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.17		160		43		142		0.7		0.8		1.7		0

		0.33		126		55		107		1		0.7		1.3		0

		0.5		99		60		96		0.8		0.8		1.3		0

		0.75		77		61		77		0.5		0.5		1.3		0

		1		62		62		63		0.3		0.5		1		0

		1.5		47		51		49		0.3		0.7		1		0

		2		37		46		42		0.3		0.2		0.8		0
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Sheet16

		time (h)		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL

		-0.5		0.5		0.7		0.6		0.6		3.9		4		4.1		4		3		3.2		3.25		3.5		3.45		3.25		3.05		3.15

		0.17		2		1.2		3		0.6		3.5		4.15		7.5		3.6		2.55		2.55		3.15		3.15		4.6		4.55		6.45		3.25

		0.25		2.2		2.95		2.35		0.5		3.75		4.85		7.05		3.75		2.85		2.5		2		3.25		3.9		4.6		5.25		3.45

		0.5		2		1.3		1.6		0.6		3.65		4.85		6.45		3.7		2.75		2.3		2.4		3.35		3.55		4.75		4.6		3.9

		0.75		0.8		1.25		1.75		0.6		4		4.95		5.85		3.15		2.75		2.35		2.25		3.8		3.55		4.5		4.25		3.4

		1		0.75		1.35		1.25		0.75		3.75		5.4		5.55		3.85		3.3		2.5		2.6		3.4		3.45		4.5		3.25		3.45

		1.5		0.65		1.35		1.25		0.55		3.8		5.3		5.25		3.8		2.6		2.55		2.5		3.3		3.55		4.2		3.25		3.3

		2		0.5		1.45		0.55		0.55		3.9		5.5		5.4		3.9		2.7		2.55		2.65		3.35		3.4		3.7		3.05		3.3
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		time (min)		COC, 25 MG		BE, 25 MG		COC, 50 MG		BE, 50 MG		COC, 16 MG		BE, 16 MG		COC, 32 MG		COC, 32 MG

		-20		0		0.03		0		0.02		0		0.01		0		0.01

		4		0.14		0.03		0.22		0.03		0.12		0.02		0.26		0.05

		18		0.21		0.08		0.38		0.11		0.23		0.09		0.47		0.18

		30		0.15		0.13		0.28		0.21		0.18		0.16		0.37		0.28

		44		0.12		0.16		0.021		0.28		0.12		0.2		0.3		0.36

		60		0.09		0.2		0.16		0.31		0.1		0.23		0.21		0.38

		90		0.06		0.19		0.12		0.35		0.07		0.24		0.14		0.4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		0.64		0.06		0.67		1		1.5		0		0.09

		2		0.33		0.08		1		2		1.6		0		0.16

		3		0.18		0.09		1		3		1.5		0		0.19

		5		0.08		0.09		1		5		1.4		0		0.27

		8		0.05		0.11		1.1		8		1.4		0.05		0.42

		11		0.03		0.08		0.89		11		1.2		0.06		0.48

		15		0.04		0.08		0.79		15		1		0.08		0.6

		20		0		0.06		0.5		20		0.83		0.1		1

		25		0		0.05		0.44		25		0.77		0.1		0.83

		33		0		0		0.44		33		0.6		0.3		1

		40		0		0		0.27		40		0.51		0.14		0.95

		53		0		0		0.2		53		0.26		0.13		1.2

		66		0		0		0		66		0.2		0.15		1

		80								80		0.17		0.16		1.2

		110								110		0.07		0.14		1.1

		150								150		0.05		0.16		1.3

		200								200		0		0.13		0.92

																		Stability

																		Unpreser

																		25

																		Stability

																		Unpreser

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0.12		0		1		1.8		0		0

		2		1.4		0.23		0		2		1.7		0		0

		3		1.4		0.34		0		3		1.7		0		0

		5		1.2		0.5		0		5		1.7		0		0

		8		1.1		0.74		0.05		8		1.8		0.09		0

		11		0.86		0.9		0.06		11		1.8		0.1		0

		15		0.76		1.2		0.08		15		1.7		0.13		0

		20		0.42		1.2		0		20		1.8		0.18		0

		25		0.33		1.3		0.06		25		1.8		0.2		0

		33		0.19		1.4		0.05		33		1.8		0.3		0

		40		0.18		1.4		0		40		1.6		0.38		0

		53		0.17		1.4		0		53		1.5		0.41		0

		66		0		1.3		0		66		1.3		0.48		0

		80		0		1.2		0		80		1.2		0.51		0

		110		0		0.94		0		110		1		0.65		0

		150		0		0.85		0		150		0.86		0.92		0.12

		200		0		0.61		0		200		0.64		1		0.2

																		Stability

																		2% naF

																		25

																		Stability

																		2% naF

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.7		0		0

		1		1.7		0		0		1		1.7		0		0

		2		1.7		0		0		2		1.7		0		0				2% naF

		3		1.8		0		0		3		1.7		0		0				ph 5

		5		1.7		0		0		5		1.7		0		0

		8		2.1		0.08		0		8		2.1		0		0

		11		1.8		0.06		0		11		2.2		0		0

		15		1.8		0.09		0		15		1.9		0		0

		20		1.9		0.14		0		20		1.9		0		0

		25		1.8		0.15		0		25		1.8		0		0

		33		1.8		0.21		0		33		2		0		0

		40		1.7		0.24		0		40		2		0		0

		53		1.7		0.3		0		53		1.9		0		0

		66		1.5		0.33		0		66		1.9		0		0

		80		1.5		0.32		0		80		1.7		0		0

		110		1.3		0.39		0		110		1.7		0		0

		150		1.4		0.64		0		150		1.9		0.09		0

		200		1.2		0.8		0		200		1.8		0		0
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0		0		1		1.6		0		0

		2		1.3		0		0		2		1.6		0		0

		5		1.7		0		0		5		1.6		0		0

		8		1.9		0.07		0		8		1.9		0		0

		11		1.8		0.06		0		11		1.6		0		0

		15		1.7		0.07		0		15		1.9		0		0

		20		1.8		0.1		0		20		1.8		0		0

		25		1.9		0.11		0		25		2		0		0

		33		1.7		0.15		0		33		1.8		0		0

		53		1.5		0.18		0		53		1.8		0		0

		66		1.2		0.2		0		66		1.7		0		0

		110		1.5		0.32		0		110		1.9		0		0

		150		1.6		0.5		0		150		1.7		0.06		0

		200		1.1		0.54		0		200		2		0		0
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		Time (h)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		1		0.9		1		1		0.13		0		0

		2		0.76		1		1		0.26		0		0

		3		0.6		1		1		0.38		0		0

		6		0.26		0.95		1		0.62		0.04		0

		12		0.07		0.89		1		0.75		0.08		0

		24		0		0.86		1		0.65		0.16		0

		48		0		0.69		1		0.43		0.29		0

		72		0		0.55		1		0.28		0.44		0

		98		0		0.42		1		0.16		0.56		0

		Time (days)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		0.125		0.6		1		1		0.38		0		0

		0.25		0.26		0.95		1		0.62		0.04		0

		0.5		0.07		0.89		1		0.75		0.08		0

		1		0		0.86		1		0.65		0.16		0

		2		0		0.69		1		0.43		0.29		0

		3		0		0.55		1		0.28		0.44		0

		4		0		0.42		1		0.16		0.56		0

		5		0		0.35		0.96		0.12		0.62		0

		7		0		0.23		1		0.04		0.75		0

		10		0		0.11		1		0		0.82		0

		14		0		0.06		1		0		0.88		0

		21		0		0		1		0		1		0

		28		0		0		1		0		0.92		0
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		Time (days)		COC, pH 10		COC, pH 7.4		BE, pH 10		BE, pH 7.4

		0		0.99		0.99		0		0

		0.125		0.9		0.99		0.07		0

		0.25		0.77		0.98		0.17		0

		0.5		0.72		0.92		0.29		0

		1		0.53		0.97		0.45		0

		2		0.3		0.94		0.59		0

		3		0.16		0.93		0.7		0

		4		0.09		0.93		0.71		0.04

		5		0.06		0.93		0.72		0.04

		7		0		0.87		0.64		0.06

		10		0		0.9		0.58		0.09

		14		0		0.91		0.51		0.12

		21		0		0.87		0.33		0.2

		28		0		0.72		0.22		0.24
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		time (h)		COC, 25 deg, 0.25 mg/L		COC, 25 deg, 1.0 mg/L		COC, 4 deg, 0.25 mg/L		COC, 4 deg, 1.0 mg/L

		0		0.26		1		0.24		0.98

		2		0.21		0.8		0.23		0.92

		4.5		0.12		0.53		0.21		0.89

		6.5		0.07		0.32		0.21		0.85

		11.5		0		0.09		0.19		0.75

		24		0		0		0.14		0.62

		48		0		0		0.08		0.51

		72		0		0		0.05		0.23

		120		0		0		0		0.09
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Sheet1

		Time, hr		COC, IV		COC, IN		COC, SM		BE, IV		BE, IN		BE, SM

		0.02		218		7.5		192

		0.05		194		17		195

		0.08		174		27		180		1.8				1.4

		0.17		160		43		142		13				16

		0.25		142		53		144		33				16

		0.33		126		55		107		57		0.83		29

		0.5		99		60		96		77		15		58

		0.75		77		61		77		89		54		68

		1		62		62		63		104		86		77

		1.5		47		51		49		101		108		76

		2		37		46		42		101		129		82

		3.04		23		40		28		100		126		81

		4		17		29		21		95		123		74

		6		8.7		21		17		72		107		61

		12		6		11		11		30		47		27
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Sheet3

		Time, hr		COC, IV		COC, IN		COC, SM		BP, IV		BP, IN		BP, SM		BP, PL

		-0.5		0		0		0		130		137		135		130

		0.02		218		7.5		192		150		142		165		136

		0.05		194		17		195		145		130		150		130

		0.08		174		27		180		142		132		170		130

		0.17		160		43		142		144		134		135		124

		0.25		142		53		144		135		135		140		125

		0.33		126		55		107		147		137		136		126

		0.5		99		60		96		145		131		135		121

		0.75		77		61		77		140		129		125		124

		1		62		62		63		134		129		126		118

		1.5		47		51		49		138		133		139		122

		2		37		46		42		131		134		130		123
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Sheet5

		Time, hr		COC, IV		COC, IN		COC, SM		TEMP, IV		TEMP, IN		TEMP, SM		TEMP, PL

		-0.5		0		0		0		36.5		36.5		36.6		36.6

		0.02		218		7.5		192

		0.05		194		17		195		36.75		36.78		36.58		36.58

		0.08		174		27		180

		0.17		160		43		142		36.9		36.93		36.77		36.78

		0.25		142		53		144		36.88		37.02		36.88		36.77

		0.33		126		55		107		36.98		36.95		36.92		36.9

		0.5		99		60		96		36.93		36.88		36.92		36.52

		0.75		77		61		77		36.73		36.88		36.59		36.55

		1		62		62		63		36.72		36.95		36.59		36.5

		1.5		47		51		49		36.65		36.76		36.4		36.48

		2		37		46		42		36.9		36.73		36.73		36.55
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Sheet7

		Time, hr		COC, IV		COC, IN		COC, SM		PUP, IV		PUP, IN		PUP, SM		PUP, PL

		-0.5		0		0		0		3.75		4		3.74		4.15

		0.02		218		7.5		192		4.8		4.1		4.48		4

		0.05		194		17		195		4.37		4.5		4.2		3.7

		0.08		174		27		180		4.74		4.18		4.58		3.95

		0.17		160		43		142		4.75		4.54		4.93		3.93

		0.25		142		53		144		4.53		4.5		4.7		4.15

		0.33		126		55		107		4.38		4.35		4.48		4.12

		0.5		99		60		96		4.1		4.2		4.62		3.82

		0.75		77		61		77		4.27		4.56		4		3.82

		1		62		62		63		4.5		4.33		4.12		4.12

		1.5		47		51		49		4.33		4.37		4.02		4.32

		2		37		46		42		4.2		4.27		4.1		4.11
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Sheet9

		Time, hr		COC, IV		COC, IN		COC, SM		HR, IV		HR, IN		HR, SM		HR, PL

		-0.5		0		0		0		82.5		85.3		88.2		85

		0.02		218		7.5		192		113		88.2		108		85.8

		0.05		194		17		195		115		89.7		114		85

		0.08		174		27		180		112		89		111		85.6

		0.17		160		43		142		110		90		104		88.2

		0.25		142		53		144		105		91.5		103		82.5

		0.33		126		55		107		104		93		103		87.4

		0.5		99		60		96		101		91		92.2		86.9

		0.75		77		61		77		93		91.5		94.2		82.3

		1		62		62		63		91.8		90.5		91		82.3

		1.5		47		51		49		87.8		87		88		81.7

		2		37		46		42		89		83.5		86.4		82.1
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Sheet11

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.02		218		7.5		192		19.6		1.75		30.2		0

		0.05		194		17		195		11		3.25		37		0

		0.08		174		27		180		8.2		6.58		35		0

		0.17		160		43		142		3.75		6		29		0

		0.25		142		53		144		3.75		9.4		25.6		0

		0.33		126		55		107		2.5		8.75		17.8		0

		0.5		99		60		96		1.2		8.75		16.5		0

		0.75		77		61		77		0.08		9.08		10.6		0

		1		62		62		63		0		8.83		6.8		0

		1.5		47		51		49		0		6.58		9		0

		2		37		46		42		0		3.33		1		0
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Sheet13

		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.17		160		43		142		0.7		0.8		1.7		0

		0.33		126		55		107		1		0.7		1.3		0

		0.5		99		60		96		0.8		0.8		1.3		0

		0.75		77		61		77		0.5		0.5		1.3		0

		1		62		62		63		0.3		0.5		1		0

		1.5		47		51		49		0.3		0.7		1		0

		2		37		46		42		0.3		0.2		0.8		0
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Sheet16

		time (h)		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL

		-0.5		0.5		0.7		0.6		0.6		3.9		4		4.1		4		3		3.2		3.25		3.5		3.45		3.25		3.05		3.15

		0.17		2		1.2		3		0.6		3.5		4.15		7.5		3.6		2.55		2.55		3.15		3.15		4.6		4.55		6.45		3.25

		0.25		2.2		2.95		2.35		0.5		3.75		4.85		7.05		3.75		2.85		2.5		2		3.25		3.9		4.6		5.25		3.45

		0.5		2		1.3		1.6		0.6		3.65		4.85		6.45		3.7		2.75		2.3		2.4		3.35		3.55		4.75		4.6		3.9

		0.75		0.8		1.25		1.75		0.6		4		4.95		5.85		3.15		2.75		2.35		2.25		3.8		3.55		4.5		4.25		3.4

		1		0.75		1.35		1.25		0.75		3.75		5.4		5.55		3.85		3.3		2.5		2.6		3.4		3.45		4.5		3.25		3.45

		1.5		0.65		1.35		1.25		0.55		3.8		5.3		5.25		3.8		2.6		2.55		2.5		3.3		3.55		4.2		3.25		3.3

		2		0.5		1.45		0.55		0.55		3.9		5.5		5.4		3.9		2.7		2.55		2.65		3.35		3.4		3.7		3.05		3.3

				SEN		SEN		SEN		SEN		EU		EU		EU		EU		SED		SED		SED		SED		DYS		DYS		DYS		DYS



&A

Page &P



Sheet16

		0		0		-0.5		0.17		0.33		0.5		0.75		1		1.5		2		0		0		0.7		1		0.8		0.5		0.3		0.3		0.3

																						0		0		0.8		0.7		0.8		0.5		0.5		0.7		0.2

																						0		0		1.7		1.3		1.3		1.3		1		1		0.8

																						0		0		0		0		0		0		0		0		0



&A

Page &P

hr

mm Hg



		



&A

Page &P

IV

IN

SM

PL

time (h)

score



		



&A

Page &P

IV

IN

SM

PL

time (h)

score



		0		0		-0.5		0.17		0.33		0.5		0.75		1		1.5		2		0		0		0.7		1		0.8		0.5		0.3		0.3		0.3

																						0		0		0.8		0.7		0.8		0.5		0.5		0.7		0.2

																						0		0		1.7		1.3		1.3		1.3		1		1		0.8

																						0		0		0		0		0		0		0		0		0



&A

Page &P

hr

mm Hg



		



&A

Page &P

IV

IN

SM

PL

time (h)

score



		



&A

Page &P

IV

IN

SM

PL

time (h)

score



		time (min)		COC, 25 MG		BE, 25 MG		COC, 50 MG		BE, 50 MG		COC, 16 MG		BE, 16 MG		COC, 32 MG		COC, 32 MG

		-20		0		0.03		0		0.02		0		0.01		0		0.01

		4		0.14		0.03		0.22		0.03		0.12		0.02		0.26		0.05

		18		0.21		0.08		0.38		0.11		0.23		0.09		0.47		0.18

		30		0.15		0.13		0.28		0.21		0.18		0.16		0.37		0.28

		44		0.12		0.16		0.021		0.28		0.12		0.2		0.3		0.36

		60		0.09		0.2		0.16		0.31		0.1		0.23		0.21		0.38

		90		0.06		0.19		0.12		0.35		0.07		0.24		0.14		0.4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		0.64		0.06		0.67		1		1.5		0		0.09

		2		0.33		0.08		1		2		1.6		0		0.16

		3		0.18		0.09		1		3		1.5		0		0.19

		5		0.08		0.09		1		5		1.4		0		0.27

		8		0.05		0.11		1.1		8		1.4		0.05		0.42

		11		0.03		0.08		0.89		11		1.2		0.06		0.48

		15		0.04		0.08		0.79		15		1		0.08		0.6

		20		0		0.06		0.5		20		0.83		0.1		1

		25		0		0.05		0.44		25		0.77		0.1		0.83

		33		0		0		0.44		33		0.6		0.3		1

		40		0		0		0.27		40		0.51		0.14		0.95

		53		0		0		0.2		53		0.26		0.13		1.2

		66		0		0		0		66		0.2		0.15		1

		80								80		0.17		0.16		1.2

		110								110		0.07		0.14		1.1

		150								150		0.05		0.16		1.3

		200								200		0		0.13		0.92

																		Stability

																		Unpreser

																		25

																		Stability

																		Unpreser

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0.12		0		1		1.8		0		0

		2		1.4		0.23		0		2		1.7		0		0

		3		1.4		0.34		0		3		1.7		0		0

		5		1.2		0.5		0		5		1.7		0		0

		8		1.1		0.74		0.05		8		1.8		0.09		0

		11		0.86		0.9		0.06		11		1.8		0.1		0

		15		0.76		1.2		0.08		15		1.7		0.13		0

		20		0.42		1.2		0		20		1.8		0.18		0

		25		0.33		1.3		0.06		25		1.8		0.2		0

		33		0.19		1.4		0.05		33		1.8		0.3		0

		40		0.18		1.4		0		40		1.6		0.38		0

		53		0.17		1.4		0		53		1.5		0.41		0

		66		0		1.3		0		66		1.3		0.48		0

		80		0		1.2		0		80		1.2		0.51		0

		110		0		0.94		0		110		1		0.65		0

		150		0		0.85		0		150		0.86		0.92		0.12

		200		0		0.61		0		200		0.64		1		0.2

																		Stability

																		2% naF

																		25

																		Stability

																		2% naF

																		4
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.7		0		0

		1		1.7		0		0		1		1.7		0		0

		2		1.7		0		0		2		1.7		0		0				2% naF

		3		1.8		0		0		3		1.7		0		0				ph 5

		5		1.7		0		0		5		1.7		0		0

		8		2.1		0.08		0		8		2.1		0		0

		11		1.8		0.06		0		11		2.2		0		0

		15		1.8		0.09		0		15		1.9		0		0

		20		1.9		0.14		0		20		1.9		0		0

		25		1.8		0.15		0		25		1.8		0		0

		33		1.8		0.21		0		33		2		0		0

		40		1.7		0.24		0		40		2		0		0

		53		1.7		0.3		0		53		1.9		0		0

		66		1.5		0.33		0		66		1.9		0		0

		80		1.5		0.32		0		80		1.7		0		0

		110		1.3		0.39		0		110		1.7		0		0

		150		1.4		0.64		0		150		1.9		0.09		0

		200		1.2		0.8		0		200		1.8		0		0
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		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0		0		1		1.6		0		0

		2		1.3		0		0		2		1.6		0		0

		5		1.7		0		0		5		1.6		0		0

		8		1.9		0.07		0		8		1.9		0		0

		11		1.8		0.06		0		11		1.6		0		0

		15		1.7		0.07		0		15		1.9		0		0

		20		1.8		0.1		0		20		1.8		0		0

		25		1.9		0.11		0		25		2		0		0

		33		1.7		0.15		0		33		1.8		0		0

		53		1.5		0.18		0		53		1.8		0		0

		66		1.2		0.2		0		66		1.7		0		0

		110		1.5		0.32		0		110		1.9		0		0

		150		1.6		0.5		0		150		1.7		0.06		0

		200		1.1		0.54		0		200		2		0		0
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		Time (h)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		1		0.9		1		1		0.13		0		0

		2		0.76		1		1		0.26		0		0

		3		0.6		1		1		0.38		0		0

		6		0.26		0.95		1		0.62		0.04		0

		12		0.07		0.89		1		0.75		0.08		0

		24		0		0.86		1		0.65		0.16		0

		48		0		0.69		1		0.43		0.29		0

		72		0		0.55		1		0.28		0.44		0

		98		0		0.42		1		0.16		0.56		0

		Time (days)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		0.125		0.6		1		1		0.38		0		0

		0.25		0.26		0.95		1		0.62		0.04		0

		0.5		0.07		0.89		1		0.75		0.08		0

		1		0		0.86		1		0.65		0.16		0

		2		0		0.69		1		0.43		0.29		0

		3		0		0.55		1		0.28		0.44		0

		4		0		0.42		1		0.16		0.56		0

		5		0		0.35		0.96		0.12		0.62		0

		7		0		0.23		1		0.04		0.75		0

		10		0		0.11		1		0		0.82		0

		14		0		0.06		1		0		0.88		0

		21		0		0		1		0		1		0

		28		0		0		1		0		0.92		0



&A

Page &P



		



&A

Page &P

COC, pH 10

COC, pH 7.4

COC, pH 5

BE, pH 10

BE, pH 7.4

BE, pH 5

time (h)

mg/L



		



&A

Page &P

COC, pH 10

COC, pH 7.4

COC, pH 5

BE, pH 10

BE, pH 7.4

BE, pH 5

time (days)

mg/L



		Time (days)		COC, pH 10		COC, pH 7.4		BE, pH 10		BE, pH 7.4

		0		0.99		0.99		0		0

		0.125		0.9		0.99		0.07		0

		0.25		0.77		0.98		0.17		0

		0.5		0.72		0.92		0.29		0

		1		0.53		0.97		0.45		0

		2		0.3		0.94		0.59		0
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		0		0.26		1		0.24		0.98

		2		0.21		0.8		0.23		0.92

		4.5		0.12		0.53		0.21		0.89

		6.5		0.07		0.32		0.21		0.85

		11.5		0		0.09		0.19		0.75

		24		0		0		0.14		0.62

		48		0		0		0.08		0.51

		72		0		0		0.05		0.23

		120		0		0		0		0.09



&A

Page &P



		



&A

Page &P

COC, 25 deg, 0.25 mg/L

COC, 25 deg, 1.0 mg/L

COC, 4 deg, 0.25 mg/L

COC, 4 deg, 1.0 mg/L

time (h)

mg/L





Stability in Blood at 4 oC
2% NaF, Physiological pH

COC  BE

Isenschmid et al., JAT 1989


Chart10

		0		0		0

		1		1		1

		2		2		2

		3		3		3

		5		5		5

		8		8		8

		11		11		11

		15		15		15

		20		20		20

		25		25		25

		33		33		33

		40		40		40

		53		53		53

		66		66		66

		80		80		80

		110		110		110

		150		150		150

		200		200		200



COC

BE

EME

time (days)

mg/L

1.8

0

0

1.8

0

0

1.7

0

0

1.7

0

0

1.7

0

0

1.8

0.09

0

1.8

0.1

0

1.7

0.13

0

1.8

0.18

0

1.8

0.2

0

1.8

0.3

0

1.6

0.38

0

1.5

0.41

0

1.3

0.48

0

1.2

0.51

0

1

0.65

0

0.86

0.92

0.12

0.64

1

0.2



Sheet1

		Time, hr		COC, IV		COC, IN		COC, SM		BE, IV		BE, IN		BE, SM

		0.02		218		7.5		192

		0.05		194		17		195

		0.08		174		27		180		1.8				1.4

		0.17		160		43		142		13				16

		0.25		142		53		144		33				16

		0.33		126		55		107		57		0.83		29

		0.5		99		60		96		77		15		58

		0.75		77		61		77		89		54		68

		1		62		62		63		104		86		77

		1.5		47		51		49		101		108		76

		2		37		46		42		101		129		82

		3.04		23		40		28		100		126		81

		4		17		29		21		95		123		74

		6		8.7		21		17		72		107		61

		12		6		11		11		30		47		27
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Sheet3

		Time, hr		COC, IV		COC, IN		COC, SM		BP, IV		BP, IN		BP, SM		BP, PL

		-0.5		0		0		0		130		137		135		130

		0.02		218		7.5		192		150		142		165		136

		0.05		194		17		195		145		130		150		130

		0.08		174		27		180		142		132		170		130

		0.17		160		43		142		144		134		135		124

		0.25		142		53		144		135		135		140		125

		0.33		126		55		107		147		137		136		126

		0.5		99		60		96		145		131		135		121

		0.75		77		61		77		140		129		125		124

		1		62		62		63		134		129		126		118

		1.5		47		51		49		138		133		139		122

		2		37		46		42		131		134		130		123
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		Time, hr		COC, IV		COC, IN		COC, SM		TEMP, IV		TEMP, IN		TEMP, SM		TEMP, PL

		-0.5		0		0		0		36.5		36.5		36.6		36.6

		0.02		218		7.5		192

		0.05		194		17		195		36.75		36.78		36.58		36.58

		0.08		174		27		180

		0.17		160		43		142		36.9		36.93		36.77		36.78

		0.25		142		53		144		36.88		37.02		36.88		36.77

		0.33		126		55		107		36.98		36.95		36.92		36.9

		0.5		99		60		96		36.93		36.88		36.92		36.52

		0.75		77		61		77		36.73		36.88		36.59		36.55

		1		62		62		63		36.72		36.95		36.59		36.5

		1.5		47		51		49		36.65		36.76		36.4		36.48

		2		37		46		42		36.9		36.73		36.73		36.55
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		Time, hr		COC, IV		COC, IN		COC, SM		PUP, IV		PUP, IN		PUP, SM		PUP, PL

		-0.5		0		0		0		3.75		4		3.74		4.15

		0.02		218		7.5		192		4.8		4.1		4.48		4

		0.05		194		17		195		4.37		4.5		4.2		3.7

		0.08		174		27		180		4.74		4.18		4.58		3.95

		0.17		160		43		142		4.75		4.54		4.93		3.93

		0.25		142		53		144		4.53		4.5		4.7		4.15

		0.33		126		55		107		4.38		4.35		4.48		4.12

		0.5		99		60		96		4.1		4.2		4.62		3.82

		0.75		77		61		77		4.27		4.56		4		3.82

		1		62		62		63		4.5		4.33		4.12		4.12

		1.5		47		51		49		4.33		4.37		4.02		4.32

		2		37		46		42		4.2		4.27		4.1		4.11
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		Time, hr		COC, IV		COC, IN		COC, SM		HR, IV		HR, IN		HR, SM		HR, PL

		-0.5		0		0		0		82.5		85.3		88.2		85

		0.02		218		7.5		192		113		88.2		108		85.8

		0.05		194		17		195		115		89.7		114		85

		0.08		174		27		180		112		89		111		85.6

		0.17		160		43		142		110		90		104		88.2

		0.25		142		53		144		105		91.5		103		82.5

		0.33		126		55		107		104		93		103		87.4

		0.5		99		60		96		101		91		92.2		86.9

		0.75		77		61		77		93		91.5		94.2		82.3

		1		62		62		63		91.8		90.5		91		82.3

		1.5		47		51		49		87.8		87		88		81.7

		2		37		46		42		89		83.5		86.4		82.1
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		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.02		218		7.5		192		19.6		1.75		30.2		0

		0.05		194		17		195		11		3.25		37		0

		0.08		174		27		180		8.2		6.58		35		0

		0.17		160		43		142		3.75		6		29		0

		0.25		142		53		144		3.75		9.4		25.6		0

		0.33		126		55		107		2.5		8.75		17.8		0

		0.5		99		60		96		1.2		8.75		16.5		0

		0.75		77		61		77		0.08		9.08		10.6		0

		1		62		62		63		0		8.83		6.8		0

		1.5		47		51		49		0		6.58		9		0

		2		37		46		42		0		3.33		1		0
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		Time, hr		COC, IV		COC, IN		COC, SM		IV		IN		SM		PL

		-0.5		0		0		0		0		0		0		0

		0.17		160		43		142		0.7		0.8		1.7		0

		0.33		126		55		107		1		0.7		1.3		0

		0.5		99		60		96		0.8		0.8		1.3		0

		0.75		77		61		77		0.5		0.5		1.3		0

		1		62		62		63		0.3		0.5		1		0

		1.5		47		51		49		0.3		0.7		1		0

		2		37		46		42		0.3		0.2		0.8		0
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Sheet16

		time (h)		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL		IV		IN		SM		PL

		-0.5		0.5		0.7		0.6		0.6		3.9		4		4.1		4		3		3.2		3.25		3.5		3.45		3.25		3.05		3.15

		0.17		2		1.2		3		0.6		3.5		4.15		7.5		3.6		2.55		2.55		3.15		3.15		4.6		4.55		6.45		3.25

		0.25		2.2		2.95		2.35		0.5		3.75		4.85		7.05		3.75		2.85		2.5		2		3.25		3.9		4.6		5.25		3.45

		0.5		2		1.3		1.6		0.6		3.65		4.85		6.45		3.7		2.75		2.3		2.4		3.35		3.55		4.75		4.6		3.9

		0.75		0.8		1.25		1.75		0.6		4		4.95		5.85		3.15		2.75		2.35		2.25		3.8		3.55		4.5		4.25		3.4

		1		0.75		1.35		1.25		0.75		3.75		5.4		5.55		3.85		3.3		2.5		2.6		3.4		3.45		4.5		3.25		3.45

		1.5		0.65		1.35		1.25		0.55		3.8		5.3		5.25		3.8		2.6		2.55		2.5		3.3		3.55		4.2		3.25		3.3

		2		0.5		1.45		0.55		0.55		3.9		5.5		5.4		3.9		2.7		2.55		2.65		3.35		3.4		3.7		3.05		3.3
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		time (min)		COC, 25 MG		BE, 25 MG		COC, 50 MG		BE, 50 MG		COC, 16 MG		BE, 16 MG		COC, 32 MG		COC, 32 MG

		-20		0		0.03		0		0.02		0		0.01		0		0.01

		4		0.14		0.03		0.22		0.03		0.12		0.02		0.26		0.05

		18		0.21		0.08		0.38		0.11		0.23		0.09		0.47		0.18

		30		0.15		0.13		0.28		0.21		0.18		0.16		0.37		0.28

		44		0.12		0.16		0.021		0.28		0.12		0.2		0.3		0.36

		60		0.09		0.2		0.16		0.31		0.1		0.23		0.21		0.38

		90		0.06		0.19		0.12		0.35		0.07		0.24		0.14		0.4
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ng/mL

COC, 25 MG

BE, 25 MG

COC, 50 MG

BE, 50 MG

time (min)

mg/L
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ng/mL

COC, 16 MG

BE, 16 MG

COC, 32 MG

COC, 32 MG

time (min)

mg/L



		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		0.64		0.06		0.67		1		1.5		0		0.09

		2		0.33		0.08		1		2		1.6		0		0.16

		3		0.18		0.09		1		3		1.5		0		0.19

		5		0.08		0.09		1		5		1.4		0		0.27

		8		0.05		0.11		1.1		8		1.4		0.05		0.42

		11		0.03		0.08		0.89		11		1.2		0.06		0.48

		15		0.04		0.08		0.79		15		1		0.08		0.6

		20		0		0.06		0.5		20		0.83		0.1		1

		25		0		0.05		0.44		25		0.77		0.1		0.83

		33		0		0		0.44		33		0.6		0.3		1

		40		0		0		0.27		40		0.51		0.14		0.95

		53		0		0		0.2		53		0.26		0.13		1.2

		66		0		0		0		66		0.2		0.15		1

		80								80		0.17		0.16		1.2

		110								110		0.07		0.14		1.1

		150								150		0.05		0.16		1.3

		200								200		0		0.13		0.92

																		Stability

																		Unpreser

																		25

																		Stability

																		Unpreser

																		4
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ng/mL

COC

BE

EME

time (days)

mg/L



		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0.12		0		1		1.8		0		0

		2		1.4		0.23		0		2		1.7		0		0

		3		1.4		0.34		0		3		1.7		0		0

		5		1.2		0.5		0		5		1.7		0		0

		8		1.1		0.74		0.05		8		1.8		0.09		0

		11		0.86		0.9		0.06		11		1.8		0.1		0

		15		0.76		1.2		0.08		15		1.7		0.13		0

		20		0.42		1.2		0		20		1.8		0.18		0

		25		0.33		1.3		0.06		25		1.8		0.2		0

		33		0.19		1.4		0.05		33		1.8		0.3		0

		40		0.18		1.4		0		40		1.6		0.38		0

		53		0.17		1.4		0		53		1.5		0.41		0

		66		0		1.3		0		66		1.3		0.48		0

		80		0		1.2		0		80		1.2		0.51		0

		110		0		0.94		0		110		1		0.65		0

		150		0		0.85		0		150		0.86		0.92		0.12

		200		0		0.61		0		200		0.64		1		0.2

																		Stability

																		2% naF

																		25

																		Stability

																		2% naF

																		4
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BE

EME

time (days)

mg/L



		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.7		0		0

		1		1.7		0		0		1		1.7		0		0

		2		1.7		0		0		2		1.7		0		0				2% naF

		3		1.8		0		0		3		1.7		0		0				ph 5

		5		1.7		0		0		5		1.7		0		0

		8		2.1		0.08		0		8		2.1		0		0

		11		1.8		0.06		0		11		2.2		0		0

		15		1.8		0.09		0		15		1.9		0		0

		20		1.9		0.14		0		20		1.9		0		0

		25		1.8		0.15		0		25		1.8		0		0

		33		1.8		0.21		0		33		2		0		0

		40		1.7		0.24		0		40		2		0		0

		53		1.7		0.3		0		53		1.9		0		0

		66		1.5		0.33		0		66		1.9		0		0

		80		1.5		0.32		0		80		1.7		0		0

		110		1.3		0.39		0		110		1.7		0		0

		150		1.4		0.64		0		150		1.9		0.09		0

		200		1.2		0.8		0		200		1.8		0		0
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COC

BE

EME

time (days)

mg/L



		time (days)		COC		BE		EME		time (days)		COC		BE		EME

		0		1.8		0		0		0		1.8		0		0

		1		1.6		0		0		1		1.6		0		0

		2		1.3		0		0		2		1.6		0		0

		5		1.7		0		0		5		1.6		0		0

		8		1.9		0.07		0		8		1.9		0		0

		11		1.8		0.06		0		11		1.6		0		0

		15		1.7		0.07		0		15		1.9		0		0

		20		1.8		0.1		0		20		1.8		0		0

		25		1.9		0.11		0		25		2		0		0

		33		1.7		0.15		0		33		1.8		0		0

		53		1.5		0.18		0		53		1.8		0		0

		66		1.2		0.2		0		66		1.7		0		0

		110		1.5		0.32		0		110		1.9		0		0

		150		1.6		0.5		0		150		1.7		0.06		0

		200		1.1		0.54		0		200		2		0		0
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		Time (h)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		1		0.9		1		1		0.13		0		0

		2		0.76		1		1		0.26		0		0

		3		0.6		1		1		0.38		0		0

		6		0.26		0.95		1		0.62		0.04		0

		12		0.07		0.89		1		0.75		0.08		0

		24		0		0.86		1		0.65		0.16		0

		48		0		0.69		1		0.43		0.29		0

		72		0		0.55		1		0.28		0.44		0

		98		0		0.42		1		0.16		0.56		0

		Time (days)		COC, pH 10		COC, pH 7.4		COC, pH 5		BE, pH 10		BE, pH 7.4		BE, pH 5

		0		0.96		0.96		0.99		0		0		0

		0.125		0.6		1		1		0.38		0		0

		0.25		0.26		0.95		1		0.62		0.04		0

		0.5		0.07		0.89		1		0.75		0.08		0

		1		0		0.86		1		0.65		0.16		0

		2		0		0.69		1		0.43		0.29		0

		3		0		0.55		1		0.28		0.44		0

		4		0		0.42		1		0.16		0.56		0

		5		0		0.35		0.96		0.12		0.62		0

		7		0		0.23		1		0.04		0.75		0

		10		0		0.11		1		0		0.82		0

		14		0		0.06		1		0		0.88		0

		21		0		0		1		0		1		0

		28		0		0		1		0		0.92		0
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COC, pH 10

COC, pH 7.4

COC, pH 5

BE, pH 10

BE, pH 7.4

BE, pH 5

time (days)

mg/L



		Time (days)		COC, pH 10		COC, pH 7.4		BE, pH 10		BE, pH 7.4

		0		0.99		0.99		0		0

		0.125		0.9		0.99		0.07		0

		0.25		0.77		0.98		0.17		0

		0.5		0.72		0.92		0.29		0

		1		0.53		0.97		0.45		0

		2		0.3		0.94		0.59		0

		3		0.16		0.93		0.7		0

		4		0.09		0.93		0.71		0.04

		5		0.06		0.93		0.72		0.04

		7		0		0.87		0.64		0.06

		10		0		0.9		0.58		0.09

		14		0		0.91		0.51		0.12

		21		0		0.87		0.33		0.2

		28		0		0.72		0.22		0.24
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COC, pH 10

COC, pH 7.4

BE, pH 10

BE, pH 7.4

time (days)

mg/L



		time (h)		COC, 25 deg, 0.25 mg/L		COC, 25 deg, 1.0 mg/L		COC, 4 deg, 0.25 mg/L		COC, 4 deg, 1.0 mg/L

		0		0.26		1		0.24		0.98

		2		0.21		0.8		0.23		0.92

		4.5		0.12		0.53		0.21		0.89

		6.5		0.07		0.32		0.21		0.85

		11.5		0		0.09		0.19		0.75

		24		0		0		0.14		0.62

		48		0		0		0.08		0.51

		72		0		0		0.05		0.23

		120		0		0		0		0.09
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COC, 25 deg, 1.0 mg/L

COC, 4 deg, 0.25 mg/L

COC, 4 deg, 1.0 mg/L

time (h)

mg/L





Royal Blue Top Tubes

• Lilac Label
• Contains disodium EDTA
• Free of trace metals
• Used for trace metal analyses in blood

• Red Label
• Contains no additive
• Free of trace metals
• Used for trace metal analyses in serum



Serum Separator Tubes (tiger top)
• Drugs or poisons most often 

have lipid soluble properties.
• These compounds may diffuse 

into the wax-like polymer from 
the liquid, reducing the 
measureable concentration in 
the serum

• Therefore, the analysis may 
provide a value lower than was 
actually present in the blood.



What should be collected?



What should be collected?

https://www.aafs.org/asb-standard/best-practices-specimen-collection-and-preservation-forensic-toxicology

https://www.aafs.org/asb-standard/best-practices-specimen-collection-and-preservation-forensic-toxicology


More is Better!
• A single postmortem blood specimen is often 

insufficient (regardless of the source) without 
additional, reliable case history or supportive 
data

• Two is better than one!
• Cardiac and peripheral – Postmortem 

Redistribution
• More is best – when needed

• Add Tissue (Liver, Spleen, Brain, Psoas 
muscle), VH, urine, bile, gastric contents 
(caution), AM samples



WHAT DO THE RESULTS MEAN?



Pharmacokinetics & Pharmacodynamics



Pharmacokinetics
• Absorption

• Oral, injection, smoking, transdermal
• Distribution

• Lipophilicity enhances access to CNS (Brain = 
Butter)

• Metabolism
• Excretion

• Conjugation with glucuronide



Pharmacodynamics
• Therapeutic, adverse and toxic effects

• Comparison to reference ranges
• Therapeutic: dose v. concentration
• Toxic
• Fatal

• Basic understanding of receptors, potency 
and efficacy can help with interpretation



Ligands

What is a receptor?
What is an agonist?What is an antagonist?What is a partial agonist?

Receptor



Affinity and Potency

• Affinity – how tightly the drug is bound to the receptor
• Drugs with higher affinity can knock lower affinity drugs off the receptor

• Potency – how much is required to reach a certain effect
• More potent drugs require lower doses to achieve same effect



Tolerance and Drug Interaction

• Tolerance – more drug required to obtain same effect
• Not completely understood
• Alterations to metabolic enzymes?
• Change in # or affinity of receptors?

• Drug Interactions
• Cross-tolerance
• Metabolic interactions – inhibition or induction of CYP2D6
• Drug-drug interactions



Drug Interactions

• Additive: 1+1 =2
• Synergistic: 1+1 = 3
• Antagonistic: 1+1 = 0

• Typically for opioid agonists the effects will be “at least additive”
• Opioids + Benzodiazepines = increased respiratory depression



• Potency & Efficacy

• Tolerance

• Drug interactions

https://www.slideshare.net/PharmacologyEducationProject/introductory-receptor-
pharmacology201415jap

Is the concentration of <insert drug name> lethal?

Short answer: It depends.



Interpretation

• Toxicology results cannot be interpreted in a vacuum
• Information that can aid interpretation: 

• Was the decedent a regular drug user?
• Was the medication prescribed? If so, what was the 

prescribed dose?
• Were there signs of drug effects prior to death?
• Were there signs of  drug overdose at autopsy?







How much did they take?

When was it taken?
&

Novel Opioid/Fentalog?
• Dose cannot be calculated from concentration
• Use published therapeutic/lethal range information 

carefully
• Concentrations that may be lethal to a naïve user 

could be well tolerated in a pain management patient



How does naloxone effect the 
concentrations of opioids in the blood?

It doesn’t.



How does naloxone effect the 
concentrations of opioids in the blood?

It doesn’t.









Are postmortem cannabinoid 
concentrations forensically reliable?

No.





What is the risk to first responders?









Where can I learn more about 
pharmacology and post-mortem 

toxicology interpretation?

Center for Forensic Science Research and 
Education
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Questions?
Answers.
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