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TABLE 33-11
STAGES OF ACUTE ALCOHOUC INFLUENCE/
lN‘v'OXICATJON IN NONTOLERANT INDIVIDUALS

BLOOD ALCOHOL  STAGE OF

CONGENTRATION ALCOROL
(% w/v) INFLUENCE  CLINICAL SlGN{SYMPTOM,

2.01-0.05

No spparent influence

Sehador neaity nanmal by ordi-
nary observation

Slight changes detectable by
special tests

Mild euphona, sociability, teik-
ativeness

Inzreased salt-confidence; de-
creasad inhikitions

Diminution of attention, judg-
ment, and controt

Loss of elticiency in finer per-
formance tests :

Emoticnal mmmy, de-
' creasad inhibitons
Loss of critical idgment
impainment of memory ang”
comprahengion
Decresased sensory response;
" Increased reaction tme
- Some muscular Incocrdination
Cisorientation, mental contu-
. sicn; dizziness

Sobriety

0.02-0.12 Euphornia

Sxcitemeant

0.08-025

0.18-0.30 Corrdusion

Exaggerated emotional st-;nes '

(fear, anger, gref, etr)

Disturbance of sansation (dip-
lopia. etc.) and of perception
of color, form, motion, di-
meansions

Dacrrazed pam sanse

impaited-balancermuscular in-
coordination; staggnnng gast.
sturred speech

Apaﬂ'ry géneral inerlia, ap-
proaching paralysis

Markedly decreased rgsyonse
to stimuli .

Marked muscular icoordina-
tion; inability to stand or watk

Vorniling; incontinenca of urine
and teces .

Impaired consciousness; sleop
or stupor

Comple!d unconsciousness;
coma; anesthesia

Deprassed or abolishes refiax-
8s

 Subnomal temperature

Incomticence of urine and feces

‘Embarrassment of circulation
and respiradbon

Possible death

Death from respiratory paraly-
sis

Stupor

0.35-0.50 Coma

0.45 + Ceath

Adapted from Oubowsid KM: Alcohol detanmination In the ctinieal labotory.
Am J Clin Pathal 1980.74.749. Used with penmissian. N
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The plasma/whole blood cthanel ratio is approximarely
1/1.18. If the blood specimen was centrifoged and the
cellular elements removed, thep the resultant reading for the
plasma or scrwn must be reduced by 16%-18% to Convert
‘the vabie to a blood cthanol level. Proper collection tech-
nique volves the use of nonateohol side antiseptics, al-
though at least one study found uo sigoificant differencs
petween alcohol and nonalcobol preps in measurement of
the blood ethanol levei® Anotaer smdy also showed -that
performing the venipuncture through a pool of 100% ethanol
on the sk did not affect ethanol results a.s determined with
the DuPont automatic clinical analyzer.®

Postmortem Blood Alcohol Specimens

Biood cchmml produced by postmortem decompositon
rarely exceeds S0 mg/dL.™ Flueride ion, mercuric ion; and
cold storage inhibit the tissue formation of ethanol by
microorganisms. Femoral agd jugular vems are the best
postmortem blood sampling sites. Intreéardiac samples may -
démonstrate faisely elevated ethanol levels compared with
femoral blood samples.”? Because of diffusion of ethanel
from the stomach, plewyal or pericardial samples may con-
tain- ethanol Jevels up to 190 mg/dl: higher than thosc of
corresponding femoral blood samiples.™

Within 24 hours of death, Jittle ethano) is formed cven
at room temperatire. No bleod specimes from bodies refrig-
crated within ¢ hours. of death and stored up to 28 hours
contained more than 10 mg etbanol per deciliter.” The use of
vitreous humor for postmorte ethanol analym helps dis-
tingnish eadogenous from exogenous ethanol sources, be- .
caitse bacterial infiltration occurs late in the puu'&acuon
process. * .

Preservation of Blood Samples

Mechanisms of ethanol decompesitiou in ‘stored samnlu':

include diffusion from impropedy scaled containers, ethanol
metabolism by microorganisms (inhibited by sodivm fuo-
ride), and a temperature-dépendent ethanal oxidation reac-
tion. This enzymatic process vaxes from zero under frozen
conditions to 0.29 mg/dL/d at 22°C and 43 mg/dl/d at 62°C. 7
Temperatre, fluoride concentration, avd length of storage
. are the most important variables io.ethanol loss during
storage, but very liztle ethanol deteriorates whea the sampie
is stored over a month at 4°C.™% The presence of bacrerial
flora and enzymes released from traumatized orgass also can
affect ethanol decomposition under adverse storage condx-
tions.

Breath Samples

Porwable ethanol breath detection devices were developed as
rapid, simple, and nonmvasive methods that apalyze srieriat
tthanol levels based on the blood/breath ratio of 2,100. This
Tatio varies berween individials and within one persos over
tme. ™ Vagables alterimg accuracy include receat use of
alcoho! of 2lcchel-containing products GRithin 1550 min-
utes), récent belching or vomiting,. inadequate end expira-
tory specimen (i.e., poor cooperation), presence of obstrac-
tive pulmonary disease, and poor technique. Varfability in
the blood/breath ratio indicates that breath ethagol concenya-




Alcohol Determination in the Clinical Laboratory

Dubowski, Kurt M.: Alcohol determination in the clinical
laboratory. Am J Clin Pathol 74: 747-750, 1930. Four methods
for blond-alcohol analysis—gas chromatography, enzymatic
oxidation with alcohol dehydrogenase, chemical oxidation with
acid dichromate, and ssmometry —are briefly reviewed from
the point of view of the clinical laboratocy. Advantages and
limitations of these mecthods are discussed, and their key
features are tabulated. The correlation of the resuits of blood-
alcohol analyses with stages of alcoholic influence and their
corresponding signs and symptoms is presented in tabular form.
(Key words: Alcohol determination; Blood-alcobol analysis.)

THE DETERMINATION OF ALCOHOL* in blood
and other biologic specimens is a frequently requested
service in clinical laboratories. and is often requested
on an emergency basis in hospitals.

Breath is the preferred specimen whenever the pa-
tient is able to participate in the breath-alcohol analysis.
The latter has the inherent advantages of simplicity,
rapidity, and noninvasive sampling, and refiects the
alcohol content of the arterial circulation, which is
physiologically and clinically more significant than the
venous biood-alcohol concentration, especially during
active alcoho} absorption. Current instrumentation in-
cludes devices employing gas chromatography, infra-
red absorptiometry, fuel cell catalysis, and solid-state
gas sensing, as well as the older chemical oxidation
devices.

All quantitative breath-alcohol instruments currently
marketed employ end-expiratory breath. Features and
performance of current breath-alcohol analyzers of po-
tential applicability to clinical laboratory practice have
been summarized.® % Several of the newer devices are
portable, battery-powered, and self-contained, and
hence are especially practical for bedside or emergency-
room use. When necessary or desirable, whole breath
or the alcoho! in a measurcd volume of breath can
be readily stored on simple sorption columns for subse-
quent elution and analysis.? Measurement of alcohol
in breath involves some special biologic and chemical
considerations,” and requires a 15-min ‘deprivation’”
period preceding breath-sampling to ensurc the absence
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of contamination from recently ingested alcohol in the
oral cavity.

Blood is the most useful specimen when breath is
not availablc, with plasma or serum being physiologi-
cally more appropriate specimens than whole blood.
However, for certain forensic applications (e.g.. in-
vestigation of alleged traffic law violations) analysis
of whole blood is required because statutory interpre-
tations of the results of blood-alcohol anaiyses are uni-
versally based upon whole blood. Collection of plasma
and whole blood requires the use of anticoagulants —
heparin, disodium edetate, and sodium or potassium
citrate or oxalate are suitable if the specimen is not
to be stored. For specimens to be preserved, potassium
oxalate (5 mg/ml of blood) and sodium fluoride (1.5
mg/ml of blood) are an appropriatc anticoagulant and
preservative combination for short-term storage at 5 C
of initially sterile blood specimens.

The many methods for alcoho! analysis in blood fall
into about a dozen differcnt categories, of which the
four listed in Table 1 are the most obvious candidates
for use in the clinical laboratory. In the author’s view,
osmolality measurement, while rapid and simple, is not
a method of choice. Estimation of alcohol in serum
requires the subtraction from the actual osmolality de-
termination result (by freezing-point depression) of the
assumed normal osmolality value.!* Substantial dis-
crepancies between the blood-alcohol concentrations
(BACs) thus estimated and the actual alcohol concen-
trations are possible and have been documented.?

The other methods for biood-alcohel analysis listed
in Table | are appropriate for use in clinical labora-
tories, and are listed in order of this author's prefer-
ence. Alcohol analysis by gas chromatography can be
performed with simple and relatively inexpensive in-
struments and is the current method of choice. Among
its desirable features are rapidity, sensitivity, minimal
requirements for sample manipulation or preparation,
and inherently great selectivity for ethanol even with
single column/singlc condition analyses. Essentially

0002-9173/80/1 100747 $00.70 © American Socicty of Clinical Pathologists
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Apparatus
Requirements

Final
Mcasurement

Limitations
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Table 1.
Required Sample
Treatmenv Specificity
Mcthod Separation for Ethanol
Gas chroma- Dilution or Sclective for
togsaphy headspace ethanol; multipie
equilibration columns/condi-
tions greatly
increase
selectivity
Enzymatic Dilution (for Selective for
oxidation plasma or cthano!; some
with alcohol serum) or interference by
dehydrogenase deproteinization isopropano! and
methanot
Chemical Disultation, None
oxidation with diffusion.
acid di- dialysis, or
chromate acration
Osmometry None for plasma None

or Serum

Gas chromatograph.
water bath (for
headspace), strip
chart recorder or
integrator

Ultraviolet spectro-
photometer. visible
photometer, or
some aulomatic
analyzers

Distillation or

diffusion apparatus,

photometer or

specirophctometer,

or litration device,
water bath

Freezing-point
depression
osmometer

Electrical voltage or
current, via strip
chart recorder or
integrator

Photometric/
specirophoto-
metric reading

Tiration or
photometnic/
spectrophoto-
metric resding

Osmolality measure-
ment

Requires calibration
at ime of analysiy

Potential interlerence
by higher alcohols,
some enzyme
inhiditors

Time consuming;
nonspecific

Nonspecific; only
plasma or serum
spccimens usabje:

poor correlation
with blood-alcohol
congentration

complete specificity for ethanol is achieved by using
multiple columns and analysis conditions. Analysis of
the ‘‘headspace’ vapor above a blood or other liquid
specimen saturated with sodium chioride, after equili-
bration at 50 C or other controlled temperature, is a
simple and desirable gas chromatographic technic. It
is usually preferable to direct injection into the chro-
matograph of a diluted whole blood specimen because
it obviates problems of inlet and column contamina-
tion and syringe plugging. Direct injection of a diluted
liquid sample,® however, may be preferable for emer-
gency tests because it eliminates the 15-30-min head-

Tabie 2. Principal Variants of Gas Chromatographic
Methods for Blood-alcoho) Analysis

Detectors
Flame-ionization detector
Thermistor detector
Appropriate packed cofumns
Solid phase (Porapak®, Chromosorb®. eic )
Liquid phase {(Curbowix®, Hallcomid®. erc )
Analysis technics
Headspace sampling after equilibration
Direct injection of diluted blvod
Protein precipitation and direct injecuion
Options: internal standard vs. direct procedures
Quantitation
Electronic integration/printout of peak areas
Measurement of strip-chart recording of detector response; peak
heights or peak areas

space equilibration period. When many blood speci-
mens are to be analyzed for alcohol and analyst uime
is limited, automated gas chromatographic headspace
analysis'® or the. use of automatic liquid sampling at-
tachments is indicated and yields excelleat results in
routine use. The principal variants of gas chromato-
graphic methods for blood-slcohol analysis are listed
in Table 2 in order of the author's preference. As
indicated in Table 1, gas chromatography requires the
use of simultancous reference standards.

Enzymatic oxidation with alcohol dehydrogenase
(ADH) is a sensitive and simple methed for alcohol
measurement. [t is a practical method for occasional
or infrequent use because elaborate preparation is not
aeceded, and for the same reason, it serves well as a
back-up procedure for gas chromatography. The two
principal variations are measurement of the change in
ultraviolet absorbance at 260 or 340 nm, and visual
photometry of a secondary indicator reaction. Several
commercial kils are available for ADH methods; the
characteristics and performances of four of these were
reported by Redetzki and Dees.'” The principal fea-
tures of the ADH methods are given in Table 3. Sever:l
mstrumental variations have been reported, including
the usc of rapid centrifugal analyzers.'' rapid electro-
chemical measurement using a membrane oxygen-sens-
ing electrode,® and adaptation to the DuPont Auto-
matic Clinical Analyzer®.' All ADH-based enzymatic
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Table 3. Principal Features of Enzymatic (ADH)
Oxidation Methods for Blood-alcohol Analysis
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Table 4. Stages of Acute Alcohotic
Influence/Intoxication

Reactions

ADH
Basi¢ Reaction: C,H,OH + NAD* == CH,CHO
+ NADH + H*

Conditions: pH 8.7-9.6. CH,CHO tcapped with semicarbazide or
aminoacenc acid
Diaphoraye
Disphorase: INT + NADH + H* S Red Formazan
+ NAD*

Peroxidase
Oxygen Depletion: NADH + H* + %O, ———>
NAD” + H,0 Mn**
Catalyst

NAD oxidoreductuse {alcohol dehydrogenase; EC 1.1.1.1)

Peeparation of plusma, serum, or blood
Dilution with saline solution ur deproteinization with perchloric
or trichleracctic acid or Ba(OH), + ZnSO,

Final measurcment

Ultraviolet spectrophotometry
A Absorbance at 260 nm (NAD* absorbs)
A Absorbunce at 340 am (NADH absords)

Yisible photometry: measurcment of stable red formazan color
at 500 nm

Amperometric measurement with Q, electrode

Fluorometry

oxidation methods are subject to potential interference
by methano!l and, especially, isopropanol to varying
extents.!?!¢ Reference stapdards must be analyzed in
paraliel with the biologic samples and controls, as they
should be irrespective of the alcohol analysis method
employed.

In view of the advantages of other methods, chemical
oxidatiop with potassium dichromalte in sulfurie (or
nitric) acid solution is now one of the less preferable
methods. It requires substantial sample treatment and
separation of the alcohol from its matrix before reaction
with the acid-dichromate reagent. {tis time-consuming
in the usual method variations, in addition to being
cssentially nonspecitic for cthano! uniess combined with
complex chemical manipulations. Stability of the re-
agent and simplicity of the final measurement do not
sutficiently counterbalance these disadvantages for use
ia the general clinical laboratory. The method may be
uscfut for back-up purposes for the gas chromatographic
or ADH methods. since a negative cesult conclusively
climinates the presence of alcohol in the specimen,
and potential chemical interferants can be detected by
simple tests on the samc distitlate.*

Table 4 correlates BACs with alcoholic influcnce
stages and the corresponding clinical signs and symp-
toms. Great caution should be exercised in correlating
BACs with presumed alcoho! dosage. and speculative

Biood-
alcohol
Concen.
tration
% wiv)

Stage of
Alcohol

influence Clinical Signs/Symptoms

No appareat influence

Behavior nearly normal by ordinary
observaton

Slight changes detectable by special
tests

0.01~0.05  Sobriety

Miid euphoria. sociability,
tatkativeness

Increased seif-confidence: decreased
inhibitions

Diminution of attention. judgment, and
¢contral

{.os3 of efficiency in finer performance
tests

0.03-0.12 Euphona

Emotional instability: decreased
inhibitions

Loss of critical judgment

Impairment of memorty and
comprehension

Decreased sensitory response:
increased reaction time

Some muscular incoordination

0.09-0.25 Excitement

Disorientation. mental contusion;
dizziness

Exaggerated emotional states (fear,
anger, gricf. ei¢.)

Disturbance of sensation (diplopia,
etc.) and of perception of cotor.
form, motion, dimeasions

Decreased pain sease

Impaired balance: muscular
incoordination; staggering gait,
slurred speech

0.18-0.30  Confusion

0.27-0.40  Stupor Apathy; gencral inertia, approaching
paralysis

Markedly decreased response o
stimuli

Markcd musculac incoordination:
inability to stand or walk

Yomiting: incontinence of urine and
feces

Impaired consciousness: sleep or
stupor

Complete unconsciousness. COMa,
anesthesia

Depressed or abolished reflexes

Subnormal temperature

Incontinence of urinc and feces

Embacrassment of circulation and
respiration

Possible death

0.35-0.5¢ Coma

Q.45+ Death Death from respiratory paralysis

retrograde extrapolation of an experimentally deter-
mined BAC to an earlier time should be avoided because
of its many pitfalis.*




DUBOWSKI AL.C P e November in

150

References

_ ACA Test Mcthodology ALC Ethy! Alcohol. Wilmington. Dela-

ware. DuPont Co., Instiument Products. 1976

. Champion HR_ et al: Alcohol intoxication and sevum osmolality.

Lancet 1:1402- 1804, 1973

. Cheng FS. Christiun GO: Enzymatic determination of biood

ethanol. with amperometric measurement of rare of oxygen

depletion. Clin Chem 24:621-626. 1978

. Dubuwski KM: Mcthod for the determination of ethyl alcohol

in biological specimens. Alcoho! and the impaired driver.

Chicage, National Safety Council, 1970. pp 78-81: 91-94

. Dubowski KM: Analysis of ethanol: Type C procedure, Meth-
odology fur analyticai toxicology. Edited by | Sunshine.
Cleveland. CRC Press, Inc., 1975, on 145-154

Dubowski KM: Recent developments in breuth-alcohol analysis,
Alcohol, drugs, and wralfic safety. Proceedings of the Sixth
Internationai Conlcrence on Alcohol. Drugs, and Traffic
Safety. Toronto. September 8- 3. 1974. Edited by S israel
stam and S Lambert. Toronto. Addictiun Research Founda-
tion of Ontariu. 1975, pp 483-494

 Dubowski KM: Studics in breath-aicnhol analysis: bicivgical

 factors. 7 Rechismedizin 76:93-1 17. 1975

. Dubowski KM: Human pharmacokinctics of ethunol. 1. Peak

blood concentrations and elimination in male and female sub-

jects. Aleohol Technical Rep §:55-63, 1976

9

Dubowsk: KM: Colicction and later analysis of breath-alcohol
after calcium sulfate sorption. Clin Chem 23:1372-1373, 1977

10. Dubowski KM. Manual for analysis of cthanol in biologecal

fluids. Report No. DOT-TSC-NHTSA-76-4. V{ashingmn,
D. C.. U. S Dcpartment of Transportation. National High.
way Traffic Safety Administration. January 1977

. Hadjiioannou TP. Hadjiiannou JA, Maimstadt HV: Automated

enzymic determination of ethanol in blood. serum. and
urine with & miniature centrifugal analyzer. Clin Chem 22:

802-805. 1976

. Marger RN: Recently published analytical methods for determin.

ing alcohol in body materials. Report No. DOT-HS-801-242,
Washington, D. C.. U. S. Depuniment of Transportaticn.
National Highway Teaffic Safety Administration. October 1974

_ Mason MF. Dubowski KM: Breath-alcohol analysis: uses. meth.

ods and some foremsic problems—review and opinion. |
Forensic Sci 21:9-41 1976

 Redetzki HM, Koemer TA, Hughes IR, et al: Osmometry in the

‘evaiuation of alcohol intoxication. Clin Toxicol §:383-363
1972

. Redetzki HM. Dees WL: Comparison of four kits for enzymat

determination of ethanol in blood. Chin Chem 22:83-K6. 197

 ¥asiliades ], Polfock J, Robinson CA: Pitfalls of the alcoho

dehydrogenase procedure for the emergency assay of aleohol
a case study of isopropanol overdosage. Clin Chem 24:383.
185, 1978




