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Learning
Objectives

¥ DRUG

Students will develop a fundamental
understanding of the physiological basis
of alcohol distribution and its effect on
blood alcohol concentration.

Students will learn how to estimate the
apparent volume of ethanol distribution
from anthropometric factors in accordance
ASB recommendations.

Students will learn how ethanol distribution
into body fluids such as serum and plasma
impact the apparent volume of distribution
and their relationship to the blood alcohol
level.
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Theory of Distribution

Dosed Subject Information

+ 26 year old male subject
Weight: 206 Ib Height: 510"
Dose I: 3 0z @ 12:56

Dose 2:10z @ 1316

Dose 3:2 0z @ 13:36

Dose 4:2 0z @ 14:20

Dose 5:0.50z @ 14:45

Alcohol Pharmacokinetics
Itis clear from the evaluation of dosed
subjects that alcohol concentration is
affected by:
+ Administration of alcohol to the Body
+ Absorption into the Bloodstream
+ Elimination from the Body.

Measured BrAC:

0.09 @ 144 min
Measured BrAC:
0.08 @ 80 min

BAC
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Theory of Distribution

Subject (hypothetical)
220 Ib male
Dose: 3 fl 0z of 80 proof liquor
Equivalent to 28g of Ethanol

Observation

+ Peak BAC = 0.033 g/dL
« Estimated blood volume: 7.5 L

+ Total Alcoholin blood: 2.475 g

Less than 10% of the dose is
accounted for in the peak BAC

¥ DRUG
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Theory of Distribution

Study

Jones, AW, Lindberg, L. & Olsson, SG.
Magnitude and Time-Course of
Arterio-Venous Differences in Blood-
Alcohol Concentration in Healthy Men
Clin Pharmacokinetics 43, 1157-1166
(2004). 53

Observation

+ Arterial BAC > Venous BAC during
absorption

This is attributable to alcohol
distribution.

¥ DRUG
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Theory of Distribution

Subject (hypothetical)

- 220 Ib male
- Dose: 28g of Ethanol
- Total Alcohol in blood: 2.475 g

Other Alcohol

« Peak BAC = 0.033 g/dL at 20 min
- Est.BAC Eliminated: 0.005 g/dL
« Est. Alcohol Eliminated: 0.375 g

~25.5 g of Ethanol unaccounted for

BAC

o m

00300

00250

00200

00150

00100

00050

00000

esggegn

Ti

3

e (min)

¥ DRUG

Multicompartment Distribution

Intestine

Absorption

Intake
(consumption)

output
(Metabolism)

Arterial Blood Central Blood Venous Blood

Distribution

Tissues and

¥ DRUG organs

pulmonary Blood

Redistribution
output
(Respiration)
output
(Excretion)




Single Compartment Distribution

Intake
(Consumption)
Absorption Ka

Central
Compartment: W TEVEI NI

Va

Total Body
Water

Elimination kel

Output
(Excretion,

T DRUG Metabolism)

10

Volume of Distribution

Intake
(Consumption)

Absorptiob k

A
4 - 0 Volume of
Distribution

Elimination kel

output
(Excretion,
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Theory of Distribution

Approximate Water Content 50.60.61

Tissue | Water % of Body
% Weight
18%

Adipose
18L-721L

J/b

. 6.75L
Adipose 10%-40%

Bone 45% 15%

Skin 65% 15% Blood

Blood 85% 7% 595L

Other 76% 23%-53% o]
Tissue T & @

Total Water Content:
47% - 65% of total weight skin other Tissucs .
9751 1751-4031L 100 kg Subject

¥ DRUG ©
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Theory of Distribution

Approximate Water Content 50,52,60,61

Tissue | Water % of
% Weight
(Male)

Average Male Average Female

@)

Adipose  18% 17% 29%

Bone 45% 15% 15%

skin 65% 15% 15%

Blood 85% 7% 7%

Other 76% 46% 34%
Tissue

Body Fat: 17% Body Fat: 29%
Total Water weight: 60% Total Water weight: 53%
¥ DRUG ©
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Subject (hypothetical)
+ Dose: 28 g ethanol
+ Weight: 100 kg
+ Avg Male: 60% water by weight or
- Actual Vd: 0.6 L of water / kg of weight
« Total Body Water: 60L

Alcohol Distribution

+ Water Alcohol Content = 0.047 g/dL

« Blood Water Content = 85% by volume
+ Blood Alcohol Level: 0.040 g/dL

Theory of Distribution

Water Alcohol Content
289 EtOH o g Ethanol
28g

=0.047
©00 dL water aT

Vd
0.6L/kg

Blood Alcohol Content
g _ g
0.047 2mx0.85 water = 0.040 s

100 kg Male Subject

¥ DRUG
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Subject (hypothetical)
+ Dose: 28 g ethanol

+ Weight: 100 kg

+ BAC:0.04 g/dL or0.4g/L

Alcohol Distribution

+ Actual Volume of Distribution = 60L
+ Actual Va = 0.6 L/kg

+ Apparent Vol of Distribution = 70L
+ Apparent Va from BAC = 0.7 L/kg

Theory of Distribution

Blood Alcohol Content o
g g Ethanol
0.047 7= X085 water = 0.040 zm 289

Apparent
Volume of Distribution
289 EtOH
D9 402
Vax100kg

Apparent Va = 0.7L/kg
100 kg Male Subject

¥ DRUG
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Theory of Distribution

00350

Subject (hypothetical)

220 Ib malle / 100k BAC @ 40 min
/ Jooks 00300 0,030 g /dL

Dose: 28g of Ethanol
Distribution Volume: 60L 00250
Apparent Va from BAC = 0.7 L/kg
BAC from Dose: 0.040 g [dL

00200

BAC

Alcohol Pharmacokinetics
Post absorptive BAC = 0.030 g/dL
Time Post Dosing: 40 min 00100

Elim Rate: 0.015 g/dL/hr
Est. BAC Eliminated: 0.010 g/dL 00050
Total BAC : 0.040 g/dL

00150

00000

Y DRUG ®
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Theory of Distribution

BAC from Measured Results Dosed Subject

- BrAC at144 min: 0.090 g/dL 26 y/o fasting male
« Average Elim Rate: 0.015 g/dL/hr 0131

« Est. BrAC elim: 0.036 g/dL 012 {~ Est.BAC from Total Dose

0.126 g/dL

Est. BAC from Total Dose: 0.126 g/dL 011

Measured BrAC:
0.09 @ 144 min

BAC from Distribution Model

« TotalDose: 8.5 oz of 80 proof liquor
Total Ethanol: 79.3 g over 110 minutes
Subject Weight: 206 b or 93.52 kg
Avg Vd male: 0.7 L/kg

BAC

79.3g
0,7L/kgx9352kg °© 8 & 8 % 8 8 8 8
Time (min)

BAC from Dose g/L =

24
6®
60

Est. BAC from Total Dose: 0.121 g/dL

¥ DRUG ©
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Theory of Distribution - Summary

In Summary Alcohol ...

Conforms to a Distributes The total body The apparent

one evenly water (TBW) volume of
compartment throughout the represents the distribution for
model Total Body volume of ethanol in blood
of Distribution Water distribution is 15% higher
than the TBW.

for alcohol
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Theory of Distribution - Summary

In Summary the Volume of Distribution...

For alcohol in Is primarily Thus it is These factors
blood is dependent upon correlated with: should be

expressed as Vd the body fat

and is measured percentage of

. BMI considered when
. Sex applying a Vd to
in L/kg the subject - Age estimate BAC.
of total weight. + Ethnicity

Distribution - Applied Aohol

Absorption

Alcohol Pharmacokinetics oo
oo
Alcohol Concentration is the product of: 00
Q o

2z
« Administration @ oo

Absorption 003
Distribution oo

Alcohol
administration

« Elimination -
°© 8 5 & 3 8 8§ % 3 8 8
Time (min)
Calculating Alcohol Concentration Alcohol Elimination

Amount Administered xFraction Absorbed
- Distributed Volume

BAC

— Amount Eliminated

¥ DRUG
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Distribution - Applied
00400 Est.Co = 0.040 g/dL
Alcohol Pharmacokinetics 00350

For the hypothetical example at right: 00300

Subject weight: 100 kg 00250

Dose: 28 grams or 0.28 g/kg
Est.C0:0.040 g/dLor 0.4 g/L

00200

00150
Note: Widmark measured BAC in g/kg

Calculated Widmark r: 0.7

00100

00050
Widmark’s Formula 6263

00000

9 _ Amount (g) _ )
kg 1 xweight (kg)

BAC




Distribution - Applied
Widmark’s Formula

g _ _Amount (g)
kg rxweight (kg)

BAC

Widmark’s Findings

For a population of 20 men and 10
women the average r value was

+ 0.68 formen
+ 0.55forwomen

(hr)

BAC

Alcoh

Absorption

BN
‘Time (min)
Alcohol Eimination

¥ DRUG
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Distribution - Applied
Widmark’s Formula Modified

Amount (g)

1t (kg)x10dL/L

Converting r to Vd
It should be noted that the specific
gravity of blood at 37°C is
approximately 1.055 g/mL¢

Thus, Widmark rho factors will differ
from measured Vdvalues by about 5%

(hr)

BAC

Alcohol
Absorption

Alcohol
administration

Alcohol Eimination

¥ DRUG
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Distribution - Applied

Widmark’s Formula Modified

Amount (g)

Va k_zg xweight (kg)x10dL/L

Determining Vd so

BAC— =
dL

_ 0.72%x(1 — Body Fat %)

(hr)

Skin  other Tissues
9751 1750-403L

100 kg Subject

Approximate Water Content

of Body
Weight

vd 05 Adipose  18% 10%-40%
Bone 45% 15%
Skin 65% 15%
Blood 85% 7%

C_)ther 76% 23%-53%

T D R U G Tissue O
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Distribution - Applied

Vd vs Body Fat - Males Vd vs Body Fat - Females

underweight

normal male - fow underyeight

normal male - high

CRREEEGLLEE RIS : : R

@DRUC

. . . N Example Calculated vd
Distribution - Applied (Gallagher=2)
Volume of Distribution so Eﬂﬂm 2

White/ 20 M
vd 0.72 X(1 — Body Fat %) Black
- 0.85 White/ 60 M 25 235 065
Black
Determining Body Fat (Gallagher 52) White/ 20 F 18.5 234 0.65
Black
White and African American Subjects White/ 60 F 25 353 055
Body Fat % = 645 = 848 X etk 0.079 ¥ age — 16..4 Xsex Black
" B
+0.05 xsex xage + 39.0 Xsex X gt |20 W IED IBE |07
aMI Asian 60 M 25 240 064
Sex = 1for males and 0 for Females
1 Asian 20 F 185 245 0.64
Asian Females Body Fat % = 64.8 = 752 X gk 0.016 xage T
1
Asian Males Body Fat % = 51.9 = 740 X gt 0.029 Xage i < eight (kg)
=
T DRUG TReight (m) o

26

Distribution - Applied (Gallaghers?)

Estimated Vd - Males Estimated Vd - Females
(20-60 y/o) (20 - 60 y/o)

o @)
BML15-185  Vd:0.75 - 0.85 BML15-185  Vd:0.65 - 0.77
m BMI:18.5-25  Vd:0.65 - 0.78 BMI:18.5-25  Vd:0.55-0.66
BMI: 25 -30 Vd: 0.60 - 0.69 BMI: 25 -30 Vd: 050 - 0.57
BME30-35  Vd:0.57 - 0.65 BMI: 30 - 35 Vd:0.47 - 0.53

o Asian Asian
BMI15-185  Vd:0.73 - 0.82 : Vd:0.63 - 0.72
m BMI:18.5-25  Vd:0.64 - 0.74 Vd:0.54 - 0.64

Do
@
ES
aa
@ L
i
B

BMI: 25 -30 Vvd: 0.60 - 0.65 B 5 -30 Vvd:0.50 - 0.55
BMI: 30 - 35 Vvd: 0.57 - 0.61 BMI: 30 - 35 Vvd:0.47 - 0.51

2/22/25




Distribution - Applied (Watson & Forrests"5463:64)
Watson (1981 Forrest (1986)

TBW males TBW males
=2.447 - 0.09516 xage
+0.1074 xheight
+03362 xweight

TBW females

@)

1.34 xBMI) — 12.467
m .724% (weigh[ - (34 xBMD °
0]
m{? =2.097 - 0.1069xheight

x weight)

TBW Females

. (1.371 xBMI) — 3.467
.724% (weight — x weight
+0.2466 xweight 0

=)o EDO

age is in years, height in cm, o
and weight in kg weight in kg

Distribution - Applied (Ulrich, Seidl, & Maudens®3)

Volume of Distribution J| Volume of Distribution i Volume of Distribution
Ulrich (1987) Seidl (2000) 53 Maudens (2014)
Vd males
Vd males
= 0.31608

—(0.004821 xweight)
+ (0.004632 xheight)

=0.8202 - (0.009 xBMI)
Vd males

— (0.00462 xweight) Vd females
+(0.0022 xheight)
= 031223 vd females
— (0.006446 xweight) i
oht i L +(0.004466 xheight) = 07772 ~ (0.0099xBMI)
height in cm, and weight in kg

H>o E—)o
EH>o E-)o

height in cm, and weight in kg

@DRUG

Distribution - Applied
. . Comparing Models

Subject Information Estimated Vd 5263

Height: 510

BMI: 25.076

Age: 25 Watson 0.69 0.61
Forrest 0.68 0.60
Ulrich 0.74 NA

Estimated vd Gallagher 0.69 057

Male Subject Vd: 0.59 - 0.76 L/kg seidl 0.76 0.60

i : 53 -
Female Subject Vd: 0.53 - 0.611/kg Maudens 050 053
Y DRUG O

30
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Distribution — Applied

Dosed Subject Information Comparing Estimated and

Total Subjects: 241 Measured Vd 5263
Males: 186 Females: 55

Total Measurements: 489 m "l‘dA\lg W
Average Alcohol Concentration: 0.096 erence

widmarkavg ~ -0.030 0100
Calculation Notes Wwatson -0.025 0.085
+ Allalcohol measurements were from BrAC E— ~0.007 0,095
measured more than 30 minutes post dose soid! 0036 0105

+ An elimination rate of 0.018 g/dL/hr was assumed el - :
Gallagher -0.016 0.088

Dose (g -
measured Vd = g - “ 9) S— vd avg 0.003 0.097
AT measared T AT elommates W
' g Maudens -0.107 0.085
Vd Difference = Vd estimated — Vd measured

¥ DRUG o
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Distribution — Applied

Estimated vs Measured Vd Estimated vs Measured Vd
Males Females

0300

P s I  wiomark
o H 0100 H W Watson
B om0 ot
o W Gallagher L] e
b : [y ey L W vaudens

0400

2/22/25

Distribution — Applied

Dosed Subject Information Evaluating Vd Estimation Models by
Total Subjects: 241 BMI

Males: 186 Females: 55
Total Measurements: 489

0150

Average Alcohol Concentration: 0.096 ::
Calculation Notes 53 oo -
0100
Underweight <185 18 0150
Normal 185-25 250 o . —
Overweight  25-30 129 [,
Obese 30-35 66 Gallgher —va
Morbidly Obese  >35 28
Total 480
Y DRUG o
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Distribution - Applied

Studies

Maskell PD, Jones AW, Savage A, Scott-Ham M.
“Evidence based survey of the distribution
volume of ethanol: Comparison of empirically
determined values with anthropometric

ASB Best Practice Recommendation 122, Firs Eition
2024

Best Practce Recommendation for Performing Alcohol
Calculations in Forensic Toxicology

Approved for
publication June
2024

\Vare-

¥ DRUG
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Distribution - Applied

ASB Recommendations - Total Body Water

TBW males (Watson Method)

=2.447 - 0.09516 xage + 0.1074 xheight
+0.3362 xweight

TBW females (Watson Method)

=2.097 - 0.1069xheight + 0.2466 xweight

ASB Best ractce Recommendation 122, Fies Edtion
2024

Best Practice Recommendation for Performing Alcohol
Calculations in Forensic Tosicology

Approved for
publication June
2024

§) AsB

¥ DRUG
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Distribution - Applied

ASB Recommendations - Estimating Vd

Vd males (Maskell)

Totat Body Water (L)

d (L
va( /ky) W (kg)x0.825

vd females (Maskell)

Totat Body Water (L)

vd ("/kg) = —rreTE—

ASB Best Practice Recommendation 122, Firs Eition
2024

Best Practce Recommendation for Performing Alcohol
Calculations in Forensic Toxicology

Approved for
publication June
2024

\VaFe-

¥ DRUG
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Distribution - Applied

ASB Recommendations- Expressing Uncertainty
Vd males (Maskell and Cooper)

L -
va ( /,(g) =vd t/= (vd x9.86%)

Vd females (Maskell and Cooper)

L
va ( //:g) vd t/— (vd x15.00%)

¥ DRUG

ASB Best Practice Recommendation 122, Firs Eition
2024

Best Practce Recommendation for Performing Alcohol
Calculations in Forensic Toxicology

Approved for
publication June
2024

\Vare-
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Distribution - Applied
ASB Recommendations - Applied

Subject: 25 y/o male

ASB Best ractce Recommendation 122, Fies Edtion
2024

Best Practice Recommendation for Performing Alcohol
Calculations in Forensic Tosicology

Height: 510 70in x2.54 cm/in = 177.8 cm
Weight: 175 Ib 1751b x0.454 kg/lb = 79.45 kg
: Vd Reported
L — +
TBW males (Watson Method) vd ( /k‘q) =0.700 */~ (0.069)
2.447 —0.09516 x25 + 0.1074 x177.8cm + 0.3362 x79.45kg or
1 O
Vd males (Maskell) va ( /kg) =0.63 - 0.77
45.905(L)
v (¢ =
Clg 79.45kgx0.825 Note this is for (k=1)
U288

Vdmales (Maskell and Cooper)

vd (L/kg) =0.700 */~ (0.7 x9.86%)

¥ DRUG o
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Distribution — Applied

Hypothetical Subject Information M_askell and Watson
Vd Estimated vs Vd Measured
Subject: 25 y/o male
Height: 510
Weight: 175 Ib BMI: 25.13 o

vd (L/kg) =0.700 T/~ (0.069) -

Dosed Subject Information o0 - ‘ */=0.0m Wyt

Total Male Subjects 145 om
BMIRange

Estimated vd avg (Maskell
Measured Vd avg

Difference avg
Difference Std Dev:

¥ DRUG @
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Application of Distribution - Summary

In Summary Volume of Distribution ...
@ (] @

Rho

Can be
calculated from
the extrapolated
BAC at time zero

and the

adminstered
dose.

was originally Thus the modern
Widmark

derived from - Ak
BAC in g/kg and ormula utilizes

o avdin L/kg
instead of rho.

Was reported as
rho factor in the
original
application of

the Widmark
Formula converted to
give BAC in g/dL

Application of Distribution - Summary

In Summary Volume of Distribution ...
O

Average Vd Using the To estimate Vd

can be ‘
estimated from estimates of adTaprtve;in\’l\rI"a:Is:n per ASB 122:
% Total Body Water o:,,';/g'gsf:;kr::;e,s should provide - 22:;::2:5:"
T Whole Blood Water | females only reasonable .
works well for estimates for Vd . Apply
average people. uncertainty

across most BMIs

Distribution - Considerations

ASB Best Practice Recommendation 122, Firs Eition
2024

Best Practce Recommendation for Performing Alcohol
Calculations in Forensic Toxicology

ASB Recommendations - Estimating Vd

vd males (Maskell)

L Totat Body Water (L) !
va = —ETTT— Approved for
W (kg)x publication June

2024

Vd females (Maskell)

Totat Body Water (L)
©/ a8

vd g = —Tr T —

¥ DRUG
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Distribution - Considerations

Dosed Subject (26 y/o male)
Water Alcohol Content
Total Dose: 8.5 oz of 80 proof liquor 79.3g EtOH

g
Total Ethanol: 79.3 g over 110 minutes = 0.157 ==

. . 053 dL water dL
Subject Weight: 206 [b or 93.52kg
Subject Height: 510" or 177.8 cm
TBW Est:50.53 1L

Extrapolated BAC at time O
BrAC at 144 min: 0.090 g/dL Bl‘;"d Alcohol Content
Est. Elim Rate: 0.015 g/dL/hr 0’157WX0 825 water = 0.129
Est. BrAC elim: 0.036 g/dL :

BAC atTime 0

7

dL

Est.BAC from Total Dose: 0.126 g/dL 01262
Est. BAC from TBW: 0.129 g/dL aT
93.52 kg Male Subject
Y DRUG
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Distribution - Considerations

TBW Distribution Model

Dose (g)

Widmark Calculation

BAC = mx 0.825 blood water by vol. O

Dose (g)
BAC = e
vd (E)Xwelght(kg) x10(B)
¥ DRUG
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Distribution - Considerations

Plasma (55% of the volume)]

Proteins: 7%
Water: 1%
Other Solutes 2%

Buffy Coat (<1% of volume)

Mostly Leukocytes and Thrombocytes

Formed Elements (45% of the volume)

Platelets:
Leukocytes (WBC):
Erythrocytes (RBC) 99%

<%
<I%9

¥ DRUG
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Distribution - Considerations

@ Plasma

+ Plasma Water fraction = plasma water % x% of blood volume

@ Red Blood Cells

* RBC Water fraction = RBC water % X% of blood volume

@ Whole Blood Water Percent

+ WB Water Percent = Plasma Water Fraction + RBC Water Fraction

Note: Hematocrit is defined as the percent of the blood volume
comprised of red blood cells

2/22/25

¥ DRUG
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Distribution - Considerations

Measured Water Contents

Whole Blood
Serum/WB
Kéln 503 Serum
‘Whole Blood
Serum/WB
Serum
‘Whole Blood
Serum/WB

Combined [JEXE]

‘Whole Blood
Serum/WB

Water Content expressed in (w/w), grams of water per gram of blood or serum.

Iffland et al (1999) 47

78.41 111
1157 0.0145
90.75 0.61
78.14 128
1.162 0.0187
78.36 1.23

1.157 0.0163

0.67
1.63
1.61

1.57
1.40

Rangg

87.2:93.3
748829
111121
88.6-92.2
75.7-83.0
1.10-1.20
89.1-92.8
74.9-833
1.08-1.20

74.8-83.3
1.08-1.21

¥ DRUG
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Distribution - Considerations

Measured Water Contents
Iffland et al (1999) 47

| sex [ N | Specimen | Meang% | SD %

74.8-83.3

692 Whole Blood  78.15

115

141 Whole Blood ~ 79.37 109 763-825

Water Content expressed in (w/w), grams of water per gram of blood or serum.

Water Content % (
m

Water Content % (

g

¥ DRUG
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Distribution - Considerations

ASB Recommendations - Estimating Vd

Vvd males (Maskell)

Totat Body Water (L)

L =
Vd Cig) W (kg)x0.825

Vd females (Maskell)

Totat Body Water (L)

vd g = —TrmgeTE—

¥ DRUG
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Distribution - Considerations

Serum Tests - Estimating Vd

vd (Serum)

Totat Body Water (L)

vd (- =
Cleg) = wirgrcsermmwater

Dose (g)

Serum Alcohol Conc. = T T
vd (,(7) xweight(kg) x10(3

¥ DRUG
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Distribution - Considerations

Measured Water Contents
Iffland et al (1999) 47

Kiel 230 Serum 90.49 086 095 872933

Whole Blood ~ 78.35 144 183 748829

Serum/WB 1156  0.0184 159  LI11-121

Serum 9071 054 059 886922

Whole Blood ~ 78.41 L 14l 757830

Serum/WB 1157 0.0145 125  1.10-1.20

Serum 90.75 061 067 891928
Whole Blood 749833
Serum/WB. £ X . 1.08-1.20

Miinster

S Combined

‘Whole Blood E 74.8-83.3
Serum/WB 1157 00163 140  1.08-121

Water Content expressedt n (w/w), grams of water per gram of blood or serum.

¥ DRUG

51
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Distribution - Considerations

Serum Tests - Estimating Vd

Vd (Serum)

45.905 (L)

L - .
vd ( /ky) " 7945 (kg)x0.932 0.620

Vd (whole blood)

45.905 (L)

L = = 0.700
vd ( /kg) 7945 (kg)x0.825

¥ DRUG
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Distribution - Considerations

Serum Alcohol Concentration

56
Serum Alcohol Conc. (dL) = T (9) I 0.114
0.62 (k?) x79.45(kg)x10 (1)
56
Blood Alcohol Conc. (dL = ) 0.100

0.70 (k%) x79.45(kg)x10 (d-LL—)

Serum Alcohol Conc.
Blood Alcohol Conc.

=114

¥ DRUG
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Distribution - Considerations

Measured Water Contents
Iffland et al (1999) 47

230 Serum 095 872933
‘Whole Blood 1.83 74.8-82.9
Serum/WB 1.59 1.11-1.21

503 Serum 059 886922
‘Whole Blood 141 75.7-83.0
Serum/WB 125 1.10-1.20

0.67 89.1-92.8
‘Whole Blood 163 749833

ster 100 5
Serum/WB g . 1.61  1.08120
833
‘Whole Blood 7836 123 157 748833
Serum/WB 1157 00163 140 108121

Water Content expressed i (w/w), grams of water per gram of blood or serum.

Serum

54
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Distribution - Considerations

Serum:Whole Blood Water Ratios

2/22/25

Iffland 47
1.16 +/- 0.016
ASB Recommendations under
122 15t Edition:
“Research supports a 95
percent range for a serum or
plasma to whole blood ratio
of 1.13-1.19" 67% C1
114 ————\118
95% CI
113 119
112 99% ¢l 20
BIITEI853833II538533 085885888883
DEDLTCREERRREERERREEEREEERREER RS EAL
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@ Plasma

Blood

Plasma

———Ratio =

Distribution - Considerations 65

« Plasma Water fraction = 91% x(1 — hematocrit)

@ Red Blood Cells

* RBC Water fraction = 65 % xhematocrit

@ Whole Blood Water Percent

*+ Blood Water Percent = Plasma W ater fraction + RBC Water fraction

@ Plasma/Whole Blood Ratio

0.91

atio =

Whole Blood

SEE X RematoeTIL T 00T X (1-Nemaroerin)
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<30
30-35
34-50
39-54
50-55
5560

¥ DRUG

Distribution - Considerations

Hematocrit and Distribution s

Hematocrit Clinical Significance Expected Plasma/ Blood
(Het) Ratio

Possible Transfusion Needed <109
Serious to Moderate Anemia 109 111
Normal - Women LI-117
Normal - Men 112- 118
Elevated* 117118
Erythrocytosis or Polycythemia 118120

dehydration, of hypoia among other things.

“Elevated hematocrit can be the result of living at high altitudes, chronic smoking, blood doping,

57
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Distribution - Considerations

Serum:Whole Blood Ethanol Ratios
Winek and Carfagna (1987) 2
1.14 +/-0.019

95% CI
118
1.08 99.7% CI 2
I EEEEEEEEREEEENEENREE
Y DRUG = = e s =

Distribution - Considerations

Serum:Whole Blood Ethanol Ratios &5

Mean Range
Ratio
114

0.019 1.09-118 50 Winek GC - Direct
115 0.02 110-1.25 134 Hak GC - Headspace
116 0.3 0.88-1.59 2n Rainey GC - Direct
114 0.015 112-118 14 Shajani GC/ADH
112 - NA NA 176 Barnhill GC/ADH
118
m 0.04 1.04 - 116 5 Penetar  GC - Headspace
114 0.041 1.04 -1.26 235 Wigmore GC - Headspace

¥ DRUG
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Distribution - Considerations

Serum:Whole Blood Ethanol Ratios 14

Mean Range
Ratio

0.13

0.88-1.59 21 Rainey GC - Direct

Plasma Plasma Water %
ey T —
Blood Whole Blood Water %

¥ DRUG
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Distribution - Considerations

The Rainey Study : Biological vs Analytical Variability'+

Category Mean  Central 95%  Centr
Ratio (k=1.96) (
Published Results 1.16:1 0.95 - 1.40 0.90 - 1.49

EstVariation from  1.16:1 099133 094-138
Analytical
Imprecision
(7.4% CV)
EstVariation from  1.16:1 1.06 - 125 103128
on Biological
Factors

(4.0% CV)

*Assumes no bias. Estimated biological variation is calculated based on a
total population deviation of 11.4% totaizcy = 7.4% anoyicor ey,

¥ DRUG
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Distribution - Considerations

The Rainey Study : Biological vs Analytical Variability 4

« “The range of serum: blood alcohol ation

ratios found in this study population was 0.88-1.59 much
wider than the range of 1.09-1.18 reported by Winek and

o .z o

P Ry
Carfagna and reflecting the effects of the greater
analytical variability in our measurements.” ok St s e T ooty v et e o el
e ot o o s ot sl e o i 8
e e b i e s o g b s
+ “The study of Winek and Carfagna provides the most o i s 14 b, To e g
useful data” and “should closely reflect the underlying true iy v e o e e
ratios” o i e 4 O g0 i
e i o i St o g
+ “The present study was carried out to conservatively (7T T e
determine the range of serum:whole-blood ratios that ) )
might be encountered under real clinical laboratory
conditions” ..."where fast turnaround is more important
than pinpoint precision.”
T DRUG @
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Distribution - Considerations

Serum:Whole Blood Ethanol Ratios
Winek and Carfagna (1987) 2
1.14+/-0.019

95% CI
1.08 99.7% CI 1.2
T @ © =T o o -~ -Nars-nuowmn
T 8 82325 3¢ 86568 C¢E3s8 8
gDRUG & § 8 F F S EEEEEEC T

21



2/22/25

Distribution - Considerations

Serum:Whole Blood Ethanol Ratios
Estimation Methods &5

Mean Range
Rat
114 0.019 1.08-1.20 . Winek Serum:
Whole Blood
Study
116 0.016 112 -1.20 99.7% Iffland Water
Content Study
115 NA 1.09 - 1.20 Estimated Estimated from
Range Hematocrit
114 0.033 1.05 - 1.22 99.7% Aggregate of
Measured
Serum: Whole
Blood Ratio

Studies*
*Estimates for hematacrit values of 30 - 60,
¥ DRUG **Excludes data from Rainey et al.
Distribution - Considerations
Serum:Whole Blood Ethanol Ratios
Applied
Serum Alcohol Concentration (SAC)hypothetical = 0.114 g/dL(+/—0.005)
~0.005 Analytical Uncertainty - +0.005
+/-0.005
SAC: 0.109 g/dL SAC:0.119 g/dL
1.20 Biological Variability 1.08
99.7% Conversion Ratio Range (1.08 — 1.20)
BAC:0.090 g/dL BAC:0.110 g/dL

Blood Alcohol Concentration (BAC)estimated = 0.09 — 0.11 g/dL

Note: Serum alcohol tests are frequently reported in mg/dt and should be converted to g/clL for
simplicity.

T DR

65

Distribution - Considerations

Plasma:Whole Blood Ethanol Ratios 5

[ wean Ratio | so |~ Range | subiects |

110 0.034 1.03-124 17 Jones
114 0.018 1.09 - 117 50 Winek
m 0.037 104 - 119 5 Penetar
118 0.057 110 - 435 20 Payne
Mean Plasma: Blood Ethanol Ratio Aggregate = 1.14 +/—0.035
Mean Serum: Blood Ethanol Ratio Aggregate = 1.14 +/—0.033
¥ DRUG
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Distribution - Considerations

In Summary ...

The apparent Vd Due to its higher Iffland et al This gave an
is specific for the water content found that serum average
medium in serum will have a [l is on ge 91% er
which alcohol is lower apparent water (w/w) ratio of 1.16 with
being Vd than whole while blood is a 95% range of
distributed. blood. 78% (w/w) 113 to 119

Distribution - Considerations

In Summary ...

ASB currently . . The observed When estimating
Direct studies of vee
recommends* the serum:blood range of ratios is a BAC from a
applying the 95% e the product of measured SAC
ethanol ratio :
range when ! both analytical both these
ange’ show a possible "
estimating BAC uncertainty and [l factors should be
from serum biological considered in the

range of ratios

from 1.08 to 1.20. X : .
alcohol levels variability. final calculation.

“Note: ASB Best Practice Recommendation 122 First Edition was approved for publication June of 2024

¥ DRUG o
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For Further Information

Additional Resources — e

Jones AW, Tilson C. Distribution ratios of ethanol and water between whole blood,
Distribution ratios of ethanol and pla r ions f

m, or
water between whole blood, plasma, interpreting clinical laboratory results in a legal context
serum, and erythrocytes A WayneJones DSC'© | Chestoper Tison 87

Recommendations for interpreting

clinical laboratory results in a legal
context.

J Forensic Sci. 2023;68(1):9-21

doi:10.1111/1556-4029.15164
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