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ABSTRACT 

Thi s  the s i s  outlines the development of br ea t h alcohol 

measurement and investigations of the rate of absorPtion, 

equilibration and elimination of alcohol from rhc body using breath 

ana lysi s. After a hist orici1 1 outlillL', tilL rnL·thods of a lcohnl 

detecti on are rcviL'\.Jed and d compariti'.'L' stucty of some· mud�rn breath 

alcoho l testing in�trumcnts detailed. Til� rvsult!-i shPvl that the 

gas chromato gr.::� ph IntoximetL•r h'LIS the· r:HJSL rl'producible and nccurate 

ins t rumen t .  Of Llte fUL·l cell inslrurnt•nts, tlw Ah·ol:imitcr . .;avc 

r eprodu c i b l e readings but \:ith a h igh..:·r frc·quency of mechanic.tl 
b r eakdown s and the A l cometer s  failed to hold a calibrated value on 

r e p e a t e d  t e s t i ng .  The chemical analysis of the Bo r ken stei n 
Br ea tha l yze r o ffe red portability and frel'dlJm from ca l i brati on bu t 

w i th a lowering of accuracy. 

No instrument offered the degrL'C of fl,•-.;ibility rc·quired for 

lab ora to r y investigation of factors ;Jflvvlin.• breath alcohol 

concentrotions. Consequc·ntly a <�<Js chromi!t<J•,raph H::lS r.JOdifiL'd for 

breath sampling at 30 secLmd intvrv;tl�· . .  'lhL· !l.trt:iLion coefficients 

for alcohol bet\h'L'Il ...1ir �1tH.I blood V.'L'rv lullt\•l Lobe: relilted Lo the 

water content of Llw blood �ampll'. Br·,·.llh :tl,·ohol concentrations 

inc r e a s e d  \vith expiration volume and I·:Lrv re li!ted t o  <J risl! in b reath 

temperature. After correcting tll <� st.tnc!.tl ! LL·mpl.'ratun: or :34°, a 

linear increasl.' in .1lcolwl conCL'Ittr:Jt i <ll1 r• , . . 1inl'd 1.,rhich \·las grl'ater 

\vith h i ghe r blood <Jlcohul levels. 

Equations for es tima ting the dislr ibut i< n volume of alcohol in 

the bod y \vere derivC'd and the I.Jidmark facL<>r 'r' \vas found Lobe: 

r ela t ed to t h e ratio, body wa te r OVl'r bl,lod .·.'ater. The b lood alcohol 

time curv es re s u lting from a fixed d osl' of .J lcohol g i ven to s em i -fa s ted 

subj e c t s  were analy sed to determine the appdrent d i s t r ib u t ion vo l umes 

i n  t h e  b od y . Vo l umes exc e e d ing physiologic a l l im i t s  were fo und in some 

subj e c t s  and asc ribed to either a fa s t e r  rate of me t a bo l i sm d uring the 

absorptiv e phas e or to anomalies in equi1ibrittion. A markedly non-linear 

a l c oho l e l i mination curve was seen in one a lcoho l i c . F a s te r  r a t es of 

a l c oho l ox i d a t ion \.Jere d iscu s s e d  in rel<�tion to the H i c h ae l i s-Men t en 

kine t i c s  of enzyma t i c  c a t ab o l i sm and it is sugge s ted tha t some sub j e c t s  



h ave a s e co nd e nzyme fo r al coho l m et ab o l i sm wh ich o pe rat e s  at a 

h i gh e r  Km th an no rmal . 

i i i  

Th e f l u ctuat i o ns o f  b l ood alco ho l le v0l d uri ng t he ab sorpt ive 

ph ase we re e xami ne d by m eas uri n g the ab und an ce of a t racer do se o f  

d eut e rat ed al coho l gi ve n o ral l y  after a lo ad in g d o s e  o f  un labelle d  

al coh o l . Th e f l uct u at ions we re ascribed to con t ract i on s  of the 

pyl o ri c  s ph inct e r  re l 'as i ng alco hol in to tllL' duo d e num in an irre gul ar 

fas h i o n. 

Th e s t ud i e s  we re extend ed to subj�c·tb drin ki ng in a private b ar. 

Th e rate of al coho l abSLHpt i o n appt'arcd to keep pace wi th the rate of 

d ri nki n g  wh i ch was s pread ove r at l eas t a three h o ur period . The 

rat e s  o f  al coho l e l im i nat i o n  from the b lo od we re f as t e r  th an in a 

pre vio us s t ud y  wi t h  a l owe r d o se of alco hol . Th i s  i s  e xpl ain e d  b y  

l o we r  b l o o d  al coho l l e ve l s  f ro m  a sm al l er d os e  and i s  co ns i st e nt wi th 

the e nzyme ki ne t i cs o f  al coho l cat,1bolism. An equat i o n \vas d erived 

to e nab l e  t he e s tim ation o f  blo od alcohol levels from amoun t co n s um ed 

wh ich co mpared favourably \v ith traditional m•'thod s for this 

cal cul atio n .  

Th e accuracy, rapidity and l�.l�.;·· \,•itll 1-1hi.ch bre at h alcohol analy s e s  

co ul d b e  m ad e  to de termi tw a 1 coht) l L"Otwent r:1 t ions i n  the bod v 0n ab l ed 

i ts us e wit h l arge grou ps o f  peo pll' con sum in g alcoho l at party 

s i t uat ion s or in hotel bars and t\,'P examplvs of such stuJics are 

pre s e n t e d  in the appen dix. 
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TERNINOLOGY 

Th r ough out th e  tL!xt, "al cohol" is usc·d as synon ym ous wit h 

e than ol .  All b l ood alcohol concentrations have b e en e xpre s s ed i n  

m il li grams per lOO milJ i l itr es . Ti1is terminology is s t ill common l y  

us e d  b y  worke rs in th e fields of r.Iedicinc, a l coh ol ab us e, psych iatry 

and a l c ohol an d traffic safety to "''l10m tllL' prL'sent study could b e  of 

in tere s t .  

Hit h the adoption an d increasing usl' of SI un its j n recent ye ars 

b y  t h e  scie n t ific community, b lood alcoho l  levels e xpre sse d in 

m il l im ol e s  pe r l itre are b e com in g  incre as ingly common . The equiv al e n t  

val ue for 10 m il lim ol e s  pe r litre (mmol/1) i s 46 m g/ 100 m l . The 

res ults of b re ath al cohol an al ys es haVt', in t he m ain, b e en expre s s e d 

as b l ood al coh ol con ce n t rat ion s  based on the b l ood : b re ath 

dis t rib ut ion rat io of 1 : 2 , 100 as explained in the t e xt .  Recen t 

l eg is l ation in New Zealand has made it c�n offen ce to drive a mot or 

vehicle with a b rc>ath .Ilcc1ho1 1<'Vl'1 gn;Itvr than 500 )Jg per lit re, 

.3.nd eventu3 lly it is vxpvctcd tlut hrl'.tlll rnlhcr th an b l ood alcohol 

concentrations wiJl be widelv uscJ. 
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CHAPTER l 1 

INTRODUCTION 

Scientific studies on the metabolism of alcohol in human subj ects 

date back to investigations in the late 19th century <�ccording to 

Jacobse!l. (1952). Prominent among early experimenters \vas Anstie, 

\,,hose sulphuric Acid -potassium dichromat,:: mixture for the calorimetric 

estimation of alcohol in biological samples is in use to the present 

day, forming the hasis of the r:-:etlwJ used in the "Breathalyzer" and in 

the screening devices for measuring breath �Jcohol with mixtures 

impregnated en silica gel, e . g .  Dra ger tubes (cited by Harger et al 

1956). In 1874, Anstie wrote a paper in the 'Practitioner' that he 

had founded in 1868, entitled, "Final Experiments on the Elimination 

of Alcohol from the Body" (c:i ted by Jacobsen, 1952), a title which 

was clearly optimistic since work on alcohol elimination is still 

continuing at the rr�sent tJmc and it is clear from th� literature 

that the fa c tor s involved arl! still incompletely understood. 

Id th th£ developn ,�nt of motor VL·hicles in tl!e early pnTt of th:!.s 

century, interest c��tred on the effect uf alcohol on driving skills 

and Hidmark (1914) ,),tblishvcl hl:.,; importar:t \'.lpu· enLitled "Alc0holic 

Excretion ic Urine and a Sin1plf• Clinlc.:1lly Applicable Uetho<l for 

Diagnosing AJcoholic Intoxication in Drivt�L�". At that time, methods 

for the c�umaLion cf alcohol in vo.rious biological sample s \vere based 

on the ancilysis of alcohol concentrntions in distLllates bv chemical 
methods (Jaulmes and Brun, 1970). 

During the First \\'orld \-Jar, Mellanhy \vas commissioned bv the 

Central Control Boa rd (Liquor Traffic) of Great Britain under the 

auspices of the Medical Research Council to investigate circumstances 

under which alcohol could lead to intoxication. He published his 

report in 1919 describing the work which had been performed entirely 

on dogs. Later, he repeated some of his experiments on human subjects 

with similar results. In the experiments wilh dogs, the animals had 

been deprived of food and water for 20 hours before an alcohol dose 

was given by stomach tube. Mellanby showed that there was a rapid 

absorption of alcohol into the blood and a siow linear blood level 

decline subsequently. He also found that absorption was delayed from 

dilute alcohol solutions or beer or when food, as milk, was given 

before alcohol. From this study probably arose the idea that milk 
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was a most effective foodstuff to dela y  absorption. Signs of intox

ication in the dogs \vere not seen unt i l  blood levels reached 
0.345ml/100g blood, (267mg/l00ml). 

In 1922, Hilcs, 'ivorkin,� in Boston, reported qn tht:' ll·vels of 

alcohol in ur:L::e, blood and plasrna in h uman subjects for some time 

af tcr the consumptiN: of 0. Sg/Kg body weight of alcohol .  He 

discussed the ll<!'iv concept of rela ti nb Jntt'nsi ty of physiological and 

psychological effects of alcohol to its concentration in the bl ood and 

in subsequent papers centred his studies on the impairment of work 

related tasks at various blood alcohoL lc•vels. His paper publisbccl in 

19 22 was concerned mainly with the relationship betwe en urine and 

blood levels, and he provided a simple method for deter mining blood 
alcohol concentrations during psychological studie s as well as showing 

tha t urine samples directly re f l ected the coHcentration of alcohol in 

the bl ood . It was noted that the rate of alcohol absorption \vas 

increased in habitual drinkers and his results were in gf'nerr�l agrec

r!lf'nt \vith th�..•se rcporLed by �1ellanby. Itt 1 9:�5, South g.·1 U: reported a 

C.c•layed ::J!Jsor;>tion of alcohol GftPr food v:iLll numan suLjt>cts and 

suggested thnt the J.m,'L'r I.u:drnum blood alcohol levels ';btai '.ted \·Jere. 

due to the failurl'! or a ronsidcrabJ t! proportion of the alcohol to 

ent2r the bloodstream. 

Subsequent developments in alcoho1 studies in the United States 

\vere clos ely associated \vith t!te narH�s of Harger (Indiana University) 

and Haggard (Yale University). The Centr� of Alcohol Studies was 
established at Yale U nive rsity with Jellinck as its first director and 

by 1940, the Quarterly Journal of Alcohol S tudies was f ounded by 

Haggard (cit ed by Keller 1975). 

An ear ly conflict over the inter pr etation of r esults came when 

Harger and Hulpieu ( 1935) challenged the conclusions of Haggar d and 

Gr eenberg (1934) that it took at least 6 hours f or alcohol to be 

absorbed when taken orally . Harger and Hulpieu showed that, in dogs, 

one and a hali hour s after a dose of 3g/Kg of alcohol an average of 

93.4% of the alcohol had been absor bed , by compar ing the alcohol 

concentr ation in the gut after intravenous and oral administr ation. No 

account appear s to have been taken of the earlier wor k of Southgate in 

1925, who described a disappearance of alcohol which had been added to 
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faecal suspens i o ns a t t r ib u t ab le t o  adso r p t ion r a t her than c a t ab o l i sm . 

Hhi l e  b asi c i nf orma t ion on a l coho l ab sor p t io n  and e l imi na t i o n  wa s 

b e i ng ob ta i ned , a t t e n t ion c o n t inued to  b e  d i r ec t ed to the impa irme n t  

o f  d r i vi ng skill s hy  a l cohol . I n  19 3 8 ,  Haggard e�  al c omme nc ed a 

pa per \vi t h  t h e  s t a t eme n t , "Al c oh o l  i s  i nvo l ved i n  a c ons i d e rab l e pro

po r t i on of fatal  mo t o r  a c c i d en t s ' ' . Th �y no t ed tha t i n  Swed e n  th i s  

p r ob l em ha d b een me t mor e  d i r ec t l y tha n e l s cHhe r e , due ma i n l y  t o t h e  

e f f or t s of  W idrna r k  ( U niv e r s i t y of Lund ) w h o  had b een r egula r l y  b l oo d 

t e s t in g d r i v e r s  a ppr ehend ed by t ra f f i c o f f i c er s . 

Al though t h e s e  b lood a na l y s e s we r e  pr ov i d i ng v a l ua b l e  inf o r ma t io n ,  

the ad va n t a ge s o f  hav i n g  me thod s f o r  ob ta in i ng body a lc o h o l  c o nc en

tr a t io ns wi tho u t  the  need f o r  t ak ing b l ood sampl es w e r e  being 

c ons id er ed . V e n e s ec t io n  could b e  a n  unp l ea sa n t proc edure b e f o r e  the 

ad v e n t  o f  d i spo sab l e  need l e s a nd s y r inge s a nd i t  is c l ea r t h a t  Mi l e s 

i n  1 9 2 2  wa s c o n s i d er i n g  ur i ne a l c oho l l eve l s  as  an a L t r a c t i v e  

a l t e r na t iv e  t o  taking a n d  ana l y s in g  b l ood samp les . I n  1 9 2 7 , Bo gen 

b ec ame t h e  f i r s t  i nv 0 s t i ga to r  to p ro po s e  t h e  a n a l ys i s  of b r ea th 

ac c o r d i ng t o Ha r ger 0 t  al ( 1 9 3 8 ) . I t  �n s r e c o g n i sed that a l c o ho l in 

the pulmo na r y  a rt e r i a l  b l ood \..rou l d  b e  i n  l'qu i l  ib r i um  w i t h  t h e  a ir i n  

t h e  a lveo l i  o f  t h e  l un g s . Samp l es o f  <.ll ve o l c. r a ir c o u l d b e  r ead i l y 

ob ta i ned t owa r d s  t h e  e nd of an exp i ra t i o n when the a i r  i n  t h 2  d ead 

s pace o f  t h e  u p p e r  b r o nc h i a l  tr ee ha d b e e n  d i s p lac ed . If a sampl e o f  

th i s  a ir ''' R S  b t 1bb l 12 d  through a h e a t ed so l u t io n  o f  iod ine pentoxid e ,  

t h e  a l c ohol p r e sen t reduced t he oxidant a nd l i bera ted f r e e  iod i n e  wh i ch 

c o u l d  b e  es t ima ted q u a n t i ta t iv e l y . I n  1 9 34 ,  Haggard a nd G r e enb e r g  

r e po r ted s tu d i e s  w i th sub j e c t s who had b een t r a ined to  b l ow d i r ec t ly 

i n to reage n t s  for  a l c oho l a na l y s i s . I n  the s e ear l y  s t ud ie s ,  b r ea th 

a l c oho l c onc entra tions wer e c o nver ted t o  b l o o d  leve l s  u s ing a c o 

e f f i c ie n t o f  d i s t r ib u t ion wh i ch when m u l t i p l i ed b y  the  amo u n t  o f  

a l c oho l i n  1 m l  o f  a ir ,  gave a val ue f o r  th e  equivalent amo un t o f  

a l coho l i n  1 ml of b l ood . L i l j e s trand e a nd L i nd e  ( 1 9 30 )  d e termined 

emp i r ic a l l y  a v a l u e  f o r  thi s c o e f f i c i e n t  o f  2 ,  000 f rom s imul taneous 

a lc oho l measureMent s in bo th blood and b r ea th samples . vfu i le i t  was 

a gr e ed tha t there wa s a r e l a t ionsh i p  b e twee n brea th a nd b lood a l coho l 

l eve l s ,  the r e  \ve r e  d i f f er e nc es o n  the  va lue  f o r  the d i s t r ib u t io n  c o

e f f i c i ent  a nd t he e f f ec t  of tempera ture . Haggard and Greenb e r g  (19 3 4 )  

ob ta in ed a coef f i c ien t va lue o f  1 , 15 0  a t  3 7 . 5 ° b y  a n  in v i tr o t echnique 
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and la t e r r e po r t ed s t ud ��s_ o n  b o t h  b lood a nd b r ea t h  a l c oho l l eve l s  

u s i ng th i s  v a l u e  (Ha ggard e t  a l , 1 9 38 ) . They made t h e  s t a t ement t ha t 

" . . . . .  t h er e wa s a l s o  pr ec i se a g r e emt:n t b e twe e n  the va l ue s s o  ob ta i ned", 

a l t h o u gh da ta suppo r t i ng t h i s  c o nt e n t i o n  \vl' r e  no t r epo r t ed . A l a t er 

p a p L· r  b y  t he same a u t hor s , ( Ha gga rd e t  a l ,  1 9 4 1 )  s ta t ed t h a t  they had 

no t t ak e n i n t o  a c c ou n t  t h e  e f f e c t o f \va t er c o nd ensa t io n  i n  th e i r 

a p para t us and t l 1e v r ev i s ed the v a l u e f u r  t h e  l : o e f f i c i e n t , n .. )H 

mea s ured a t  3 5 °  to 1 , 5 5 0 ,  p r ev i o u s l y , a t  t h is t empera t u r � , the va l ue 

had b ee n  g i v e n  a s  1 , :.! 04 . 

I n  1 9 3 8 ,  Ha r g cr e t  a l  adop t ed a d i f f e r e n t  approach u s ing  t he 

c oe f f i c i e n t  of 2 , 0 00 repor t ed b y  L i l j e s l ra nd e  and L inde ( 1 9 30) . They 

ob ta ined s amp l e s o f  �ix e d  t i da l a nd a lveo l ar air a nd de t e r m ined 

s imu l taneous l y  the conc entra t ion o f  b o th a l cohol and car b on d ioxide 

i n  a brea th samp l e . The al c oho l c onc �t t ra t ions were c o nver t ed to  

a lveo lar a i r  c o nc e n t r a t i o n s  a s sumi ng a 5 . 5 %  c arbon dioxide c o n t en t . 
The l i t er a t u r e  L1 D b l oud / h r (:'a th d i s t r i b u t io n  c o e f f i c i en t s  wa s la t er 

r e v i e\vecl b y  !la r ger , R a n e y  e t  a l  ( i 9 50 )  who r ed c t ermi ned t h e  c o

e f f i c i e n t s  f or b o t h  a i r : \.'a t e r  a nd a i r : bl ood . They r.o t l�d t h a t t h e  

t emper a tur L o f  0 t h e  b r ea t h  a s  i t  l e f t t h e  r:o u t h  ave r a g e: d  34  a nd a t  t h i s  

tempera t u r e ,  L f 1 t:>  d h : t r i h u t i o n  c o e f  ic i c n t  v. a s  2 , 0 28 , a p p r o x ima t e l y  the 

same as th a t  rcror t cJ t\ e n t v  y ea r s  ear l i e t· by L i l j es t ra n d e  a nd L i nd e 

( 1 9 30 ) . Th� i o d i n e' p e n t o x i d c  me t hod �r:a s eve n t ua l l y  s u p e r sed ed by a 

r eac t io n  invo l v i ng l 1 1 e  o x id a t i o n o f  a l c ohol b y  e i ther d i c hr oma te , 

( J e t t er e t  a l , 1 9 4 1 )  o r  p c rr.w nga nn l e , ( Ha rger L' t  a l ,  1 9 '3 8 )  i n  

su l phur i c a c i d . I'! t l'  p enna nga na t e  me t hod wa s used by ! l a r g e r , For ney 

and Bar n es , ( 1 9 50 )  in the i r  a na l y t i ca l d ev i c e  c a l l ed a "Dr u nkom e t er " . 

Tite y f ound a n  a v e r age d i s tr i b u t io n  c oe f f i c i e n t  of "a b o u t  2 , 1 00 " ,  whi ch 

wh e n  cor r e c t i o n f o r  the c a rb o n  d i ox i de c o n tent of the  a i r  was made , 

ena b l ed a n  e s t ima t e o f b l ood a l c oh o l  leve l s  ranging f rom -28% to + 32% 

o f  b lood sampl e s  taken s imu l tane o u s l y .  The poor cor r e la t i o ns b e tween 

th e b rea th and b lood l eve l s  f o r  alcoho l were asc r i b ed t o  (a ) d i f fer ence s  

in b r ea t h  tempera t ure , ( b ) f l uc t ua ti o n s  in  car b o n  dioxide l evels and 

(c)  the u se of venous b l ood f o r  the de termina t ions . The u s e  o f  a 

car b o n  diox i de cor rec t io n  fac to r  was eventua l ly dro p p ed . Haggard e t  a l  

( 1 9 4 1 )  had no t ed tha t  wha t they t ermed "venous a ir " , or  a i r  o b tained 

a f ter a shor t per iod o f  r e b r ea t hi ng was nearly  i d e n t ica l to alveo lar 

a i r .  Thi s  was a l so conf irmed b y  Ha r g e r , Forney and Bar nes , ( 1 9 50 )  
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who p r o p o s e d  tha t b r ea th samp l e s  s ho u l d  b e  c o l l e c ted i n  a wa rmed 

a l umi num bag a nd a l c oho l c o nc e n t r a t io n s  d e termi n ed from the vo l umes o f  

b r e a t h  r e q u i r ed to d e c o l o r i s e  a s e t  v o l ume o f  a s ta nd a r d  s o l u t i o n  o f  

po t a s s i um p e rma nga na t e . H i t h  a p p ro p r i a t e  mod i f i c a t i o n s  t o  the " D r unko

m e t e r " , H.:n g e r  e t  al ( 1 9 56 )  1ve r e  a b l e  to r ed u c e  the e r r o r s  o f  t h e i r  

p r e v i ous e s t imn t t:> s  •.vh i l e s t i l l c o nf i rm i ng tb � d i s t r i b u t i o n  c o e f f i c i e n t  

o f  2 , 1 0 0 . A t  t h e  same t ime ,  B o r k e ns t c i n ,  ( c i c ed b y  Ha r ge r  e t  a l ,  1 9 5 6 )  

dev e l oped h i s  now w e l l - k nmvn " B r ea tha l y 7 c r "  \v t l i c h  a l though a p a t e n t ed 

name for an i n s t r ume n t  ha s ,  i n  f a c t b e c ome a new wor d  in t h e E ng l i s h  

l a ng ua g e . T h e  Bo r k e ns t e i n  i n s t r um e n t  p e rm i t t ed the ana l y s i s  of t h e  

l a s t p o r t i o n  o f  b r ea th wh i ch had p a s s e d  t h r o ugh a hea t e d  s o l u t i o n  o f  

d i c h r oma t e  in su l p hur ic a c id . TI1e sub s eq u e n t  c o l o ur c h ange w a s  

me a s u r ed pho t ome tr i c a l l y  a nd t r a n s l a ted i n t o b l ood a l c oho l l ev e l s  

u s i ng the d i s t r i b u t i o n  c o e f f i c i en t  v a l ue o f  2 , 1 0 0 . 

D ev i c e s  suc h a s  the " D r u nkome t er "  and t h e  "Brea t ha l y z e r "  p r e s e n ted 

i nc r ea s ed o p po r t u n i t i e s  t o  u s e  b r ea th- t e s t i ng to d e t e c t mo tor i s t s  

d r i v ing wi t h  a n  e x c e s s  o f  a l c oho l i n  t h e i r b l ood and b y  1 9 5 9 , t h e  

" B r ea tha l y �e r "  :.;.:Js i n  ro u t i n e  us e w i th t h e' Roya l. C a nad i a n Ha u n t e d 

P o l i c e .  Ov er t h e  nex t 1 5  year s ,  many �ap� r s ,  ( r ev i ewed b y  H<J r g e r , 

1 9 7 4 )  w e r e  p ub l i shed c omp a r i n g  s imul ta neous b r ea th and b l ood t e s t s . 

The va l u e  o f  b l ood t e s ts h a s  b ee n  c o n s i s t e n t l y  over empha s i s ed , as i t  i s  

t o  t h e  pr e s e n t  t ime , i n  s p i t e  o f  the c o nv i nc i n g  wo r k  o f  F o rney e t  a l  

( 1 9 6 4 )  a nd P a y ne e t  a l  ( 1 9 6 6 )  who s howed tha t the r e  c o ul d  b e  

c o n s id e r ab l e  d i f f e r e n c e s  i n  a l c o ho l  c o nce n t r a t i o n  o f  v e no us b l oo d s  

t a k en s imul t a ne o u s l y  f rom d i f f er e n t  s i t e s  15 m i nu t e s  a f t er d r ink ing and 

tha t t h e r e  wer e a l so a r t e r i a l - v e no u s  d i f f e r e n c e s  f o r  up to 2 hou r s . 

Dubowsk i ,  ( 1 9 60 , 1 9 6 2 )  gave s a f e gua r d s  nec e s sa r y  f o r  b r ea th c o l l e c t ion 

a nd in c omm e n t i ng o n  the emp i r i c a l  na ture of the d i s t r i b u t io n  c o 

e f f i c i en t empha s i z ed the need f o r  a d e q ua t e  i n s t r ument ca l ib r a t ion a nd 

s tandard i sa t i o n  p r oc edur e s . 

From 1 9 7 0  o nwa r d s , newer m e tho d s  o f  ana l ys i s  b a s ed o n  g a s  

chr oma t o g r a phy , i nf r a- r e d  ab s o r p t i o n  a nd f u e l  c e l l s  b eg a n  t o  b e  u s ed in 

i n s t r ume n t s  for the measu r emen t of b r ea th a l c oho l l eve l s ,  (Lov e l l ,  1 9 7 2 · 

Ja in a nd C rave y ,  1 9 7 4 ) . C o n t r ov e r s y  e x i s t ed over t he u s e  o f  a b r ea th 

t e s t f o r  ev id e n t i a l  pu r p o s e s  in a c our t of l aw .  P a yne ( 1 9 7 4 )  po i n t ed 

o u t  t h e  f a i l u r e  o f  i nv e s t ig a t o r s  t o  d emons tra te tha t t h e  d i s t r ib u t ion 



6 

c o <:> f f i c i e n t  f or a l c oh o l  b e t \veen a i r  and b l ood \va s c ons t a n t  even i n  the 
same i nd iv i dua l a nd expr e s sed co nc e r n  t h a t  b re a t h  t e s t s  were , on the 

who l e ,  und e r e s t i m a t ing the l ev e l s  i n  the b l ood . lfu i l e  t h e r e are s t il l  

some o p p o n e n t s t o  t h e  u s e  o f  b r e a t h  t e s t s  who say tha t b l o o d  and b r e a t h  

l ev e l s  ca nno t  b e  eq ua t ed , Mason a n d  Duhowskj ( 19 7 4 )  sugg e s t ed tha t  

b r ea t h  a na l y s i s  f o r  l aw en f o r c eme n t p u r p o s e s  should b e  b a s e d  on t h e  

amo un t of a l c oh o l  i n  a uni [ vo l um e  of a l v e o l a r  a i r . 

D u r i ng t h e  p er iod �vhen b r e a t h  a l c o h o l m e n s u r ement t e c h n i qu e s w e r e  

b e in g  d e v e l o p ed , i nve s t i ga t i on s we r e  s t i l l  c o nt inu i ng o n  t h e  way i n  

wh i c h  a lc o ho l \va s  ab sorb ed , d i s t r i b u t e d  a nd e l imina t ed f r om t h e  b o dy . 

The work up to 1 9 5 3  Ha s r e v i ev.,ed by a s pec ia l c ommi t t e e  o f  the Wo r ld 

H ea l t h  Orga n i sa t i o n  (Lund sgaard , 1 953) . The wor k  o f  W i dmark (1932) and 

o th e r s wa s c i t ed w i t h  pa r t i c u l ar r e f e r ence t o  h is f o rmu l a e  wh i ch 

e nab l ed t he c a l c u l a t i on of t he amount o f  a l c oh o l  el im i na t e d  f r om the 

b o d y  in uni t t ime . L a t e r  wor k by Widma rk ( 1 9 3 3 )  wa s a l s o  d i s c u s s ed 

\·!h e r e he had s hmm <1 ma rked l ower i ng o f  the b l ood a l c oh o l  c urve wh e r e  

a l c o ho l ua s c o ns um e d  �vi th o r  immed ia [ e 1y a f t � r  f ood . t]o s a t i s f a c t o r y 

ex p l a na t i o n  WJ S pu l f o rwa r d  apar t  f r om the po s s i b i l i t y o f  a l c o ho l  

o x i d a t i o n  i n  t h e  �as t ro- i n t c s t i n a l  t r a c t or a fa s ter r a t �  o f  o x i d a t i o n  

in t h e  l i v e r  d u r i ng t h e  ab so r p t iv e pha s � . Wo r k  wi th c a t s , r e po r ted b y 

Egg l e ton i n  1 9 4 0  had s u gge s t ed tha t thu r a t e  of ox id a t io n o f  a l c oh o l  

c o u l d  b e  mo r e  r a p i d  a t  h i gh e r  b l o od a l c oho l l ev e l s , b u t  a s imi l a r 

s i t u a t i o n  had no t b een d emo n s t r a t ed u n c'q u ivo c a l l y i n ma n .  I n  r e c e n t 

yea r s  a p h ::� r rnacok i ne t i c  a p p r o � c h  h a s  b t! � n  m<� d c  to t h e  p r ob lems o f  

a l c oho l a b s o r p t io n  a nd e l im i na t i o n  u s i n g  v a r i o us ma th ema t i c a l  mode l s  

( Wa gner e t  a l , 1 9 7 6 ) . \fu i l e  t h e f o rmu l a e  u s ed can s imu l a t e v ery 

c l o s e l y t h e  b l ood a l c ohol c urve in su b j ec t s who have b ee n  d r i nk i ng , the 

f a c t o r s  und er l y i ng t h e  l mver b lo o d  a l c ohol l ev e l s  f rom a g iv e n  d o s e  

o f  a l c oho l v1hen taken ,.,i t h  f oo d  o r  d i l u t ed a s  b ee r  h a v e  no t b e e n  c l ear l y  

d e f i ne d . I n  prac t ic e i t  sho u l d  b e  po s s ib l e  to d e t erm i ne b l ood a l c oh o l  

l ev e l s  us ing t h e  W i dmark f ormu l a e  i f  t h e  a lc oh o l  d o s e s  a nd bod y w e i gh t s  

a r e  known . However , i n  fac t ,  i t  ha s been f ound tha t w i d e l y  d i f f er e n t  

d o s e s  c an g iv e  the same e q u i l ib r ium b lo od c o nc en tr a t i on . 

D e s p i t e the very l a r g e  amo u n t  o f  wor k  wh ich ha s b e en pub l i shed on 
a l c ohol me t ab o l ism in huma n sub j ec t s ,  i t  i s  c l ea r  f r om t h e  l i t er a t ur e  

tha t t h e r e  a r e  s t i l l  many impo r t ant una n s\vered que s t io n s  V.'h i c h  wou ld 



7 

j u s t if y  t h e  c o n t i nua t i o n  o f  expe r im e n t a l  s tu d i es . Many o f  the ear l i er 

s tud i e s  had b e e n  c a r r i ed ou t wi th subj e c t s  who c o n sumed a l c o ho l  a s  

r a p i d l y  a s  p o s s ib ] e under labo r a t o r y  c o nd i t i o n s . By c ompar i s o n , l i t t l e  

empha s i s  \Ja s p l a c e d  o n  d i f f e renc e s  wh i c h  ma y occur under c o nd i t i o n s  

wh er e a l c oh o l  �•as c onsumed m o r e  s l ow l y  a nd a p p r o a c h i ng norma l s o c ia l 

d r i nk i ng s i t ua t i o n s . S inc e i t  i s  d i f f i c u l t t o  read i l y o b t a in b l ood 

s amp l e s  lvh e r e  soc i a l  dr i nking c o n d i t i o n s  a r e  b e i n g  ma i n t a ined , i t  was 

c o n s id e r e d  p o s s i b l e  tha t a c c ur a t e  b r ea t h  a l c oho l an a l y s i s  m i gh t p r ov i d e  

a s i gn i f i c an t advance i n  c o l l e c t in g  r e l i a b l e  d a t a . Re s u l t s  w i th a f u e l  

c e l l  d ev i c e  t o r  mea su r i ng b r P a th a l c o ho l l e v e l s  in an e a r l i er s tudy o n  

a l c oh o l  me t ab o l i sm (C ouchma n ,  1 9 7 4 , HS c t he s i s )  had b e en promi s i ng and 

l e d  to wo r k  r e por t ed i n  th i s  t h e s i s  o n  impr ov i ng brea t h  t e s t i ng 

i n s t r u..rne n t s ; s t u d i e s  on f a c tor s a f f ec t i ng a c c uracy and t h e  a p p l i c a t i on 

o f  t h e  p r o c e d u r e s  deve l o p e d  to g iv e  mo r e  i n f orma t i on on t h e  r e l a t io n 

s h i p  b e tw e e n  a l c o ho l  d o s e  and b l o o d  a l c oho l l0ve l s  und er a w id e  

var i e t y  o f  dr i nk i ng c o nd i t i o n s . 



CHAPTER 2 BREATH ALCOHOL TESTING I NSTRill1E NTS 

2 . 1  HE.<\SUREMENT OF ALCOHOL I N  BREATH SA..'1PLES 

8 

Ex p i r ed a i. r  �:..r i l l  norma l l y b e  s im i  J a r i n  c ompo s  i t  ion t o  a t mo s ph e r i c  

a i r w i th s l igh t c hange s i n  oxygen and c ar b on d io x i d e  compo s i t ion a nd an 

incr e a s e  i n  wa t e r  vapo u r . O t he r  s uL s t a nc 0 s  whi c h  may be p r e s e n t  i n  

a p p r e c i ab l e  q ua n t i t i e s a r e  usua l ly v o l a t i l e  o r g Jn i c  c ompound s w h i c h  

have b e en i nge s t ed s uch d �- a l c ,) h o l  o r  .i. nh ·J L,·d s ue \ ,  a s  a nB e s r h � t i c s  o r  
s o lv en t s , ( Du b o� sk i , 1 9 7 4 ) . V ol a t i l � me t abo l i t es , s u ch a s  a c e t o n e  may 

be f o und in i nc r ea s e d  q ua n t i t i e s  in s u b j ec t s  \v i th d i ab e t e s  rr- e l l i t u s  or 
who a re i n  a f a s t i ng s ta t e .  B r b 1 th samp 1 c s f rom sub j ec t s  v.d i O  hav e 

c o nsumed a l c o h o l wi l l  c o n t a i n  a l c oh o l  l n  p r o p o r t ion to t h� a m o u n t  i n 

the b l ood a nd t he b r ea th c o nc e n t r a t i o n  can b e  u s e d  to e s t ima te  the 

b lood a l c o h o l  c o ncen t r a t i on . The r e l a t io n sh i p b e tween b l ood and 

b r ea t h  c o ncen t r a t i ons i s  g iv e n by the d i s tr ibu t ion c c e f f i. c i e n t , wh ich 

a t  a b r e a th t empera tu r e  o f  34° is m·ar l : 2 , 1 00 ( H a r g e r  e t  a l  1 9 5 0b ) . 

Acc o r d i ng l y ,  the amo un t of a l c oho l .in 1 m l  o f  b l ood w i ll be c o n t a i ne d  

i n  2 . 1  l i t r e s o f  al v e o l a r a i r  a nd \vi1cn t h • ·  b l ood l ev e l  E ;  a r e  l OOmg /  l O Oml 

t h e r e  w i ll bl' near l y  500 )lg of .:1 l cohu l in u nP. l i t r e  o f  a i r . In n o rm a l  

s ub j e c t s , ac e t one c o nc e n t r a t i l' n �; a r ..:  no t P, r e a t e r  t h a n  l \ 'g  p e r  l i t r e  of 
b r e a th b u t f o r  u n t r �..� a t c d  d i .:1b e t i c s ,  t h L' e� rn o u n t s  can i nc r ea s e  up t o  

3 7 0  \J g / l i t r e , ( S tew3r t e t  al , l 9 6 Lj ) . l\ c t:' L 3 l cl ehyd e , a v o l a t i l e mc tabo-

1 i t e  f r om a l c o h o l , r a r e l y  excE.ed s 5 , J g / ] i t re a n d  t h e n  o n l y  wh e n  t h e  

b r ea t h c on t a i ns much h i gher  l e ve l s  o f  a l c o ho l ,  e . g .  ,"! b ove 500 w g / l i t r e , 

( F r eund e t  a l , 1 9 6 5 ) . 

He t ho d s  f o r  meas ur · ng a l cohol i n  b o·a t n  samp l e s s h o u l d , id ea l J y , 

no t b e  a f f e c t ed by a �mo s p he r i c  a i r i nc l ud ing wa t er v apou r . Howeve r , 

wh i l e s pe c i f i ci t y o f  a me t h o d  f or al c o hol may b e  e s se n t i a l  i n  J ega 1 
ev i d e nc e ,  l e s s  spe c i f i c  me t hod s may be v� ry v a l ua b l e  f o r  s c r ee�ing 
s t ud i e s .  The c h em i c a l  me t h o d s  f o r  the d e t e c t i on o f  a l c ohol have b e e n  

r ev i ewed b y  Jau lmes a n d  B r un ( 1 9 7 0 )  a n d  the mo s t  u s e f u l  o f  t h e s e  i s  t h e  

ox i d a t i o n  o f  a l coho l by a s u l phur i c  a c id/ po t a s s i um d ic h r om at e  mi xt u re 

res u l t i ng i n  a d e c r e a s e  i n  i n te n s i t y  o f  t he y e l l ow d i c hr om a t e  c o lou r. 

In t h i s  me thod , ca l i b r a t i on i s  d ep end e n t o n  the c on c e n t r a t i on o f  

r e a g en t s  and t he vo l ume o f  t h e  brea t h  samp l e  used . The r e ac t i o n  i s  no t 

s p ec i f i c f o r a l coho l b u t  t h e  r ea c t i on ve l oc i t y  i s muc h  g r ea t e r  than 

t h o s e  f or o t her a l c oho l s  o r  f a t t y a c i d s ,  ( Ja u lme s e t  a l ,  1 9 7 0 ) . 
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Gas- l iq uid chroma tography , ( GLC ) ha s b e en u sed e x t e n s ive l y  f o r  

the i d e n t i f i c a t ion and q uan t i ta t i v� e s tima t io n o f  mix t u r e s of v o lat i le 

s ub s tanc e s . Hi t h this t e c h n i q u e , a lco h o l  may b e  r ead i l y  s e pa r a t e d  f r o m  

a tm o s p he r i c  gas e s and wa t e r  v a pour o n  so l id suppo r t ma t er ia l s  such a s  

Porapak Q ( \�a t. e r s  A s soc ia t e s  I nc . ,  U . S . A . )  and t hen d e t e c t e d b y  f lame 

ioni s a t ion anJ o th e r  m e thod s .  B e c a u s e  of Lhe v e r y  sma l l q u an t i t i es o f  

o r gani c c o ns t i t uen t s  i n  b r ea th samp l e s ,  r :.1 p i d  d n a l y s e s  may b e  mad e -v: i th 

very shor t c o l umns . 

I n f r a r e d  s p e c t r o pho tome t e r s  a r e  a v a i l a b l e  wh i c h  me a s u r e  th e 

ab s o r b ance o f  o r gan ic c on s t i t ue n t s  i n  a vapour phas e c au s ed b y s t r e t c h

i n g  o r  b end i n g  o f  the C-H o r  0-H b o nd s . Al c oho l vapour has 5 ab s o r p-

t i o n  band s be tween 2 . 7  �m and 9 . 6 �m o f  whi c h  t he mo s t  u s e f u l  a r e  t h o s e  

a t  7 . 1  - 7 .  3 � m  a n d  8 . 0 - 8 . 1  j..lm . A c e tone ha s a s imil a r inf r a red 

s p e c t r um a n d  the r e f o re c anno t b e  d i f f e r e n t i a t e d  f r om a l c o ho l . 

D i f fe renc e s  o c c u r  a t  2 .  7 11m �vh e r e  th er e i s  a l s o  s t rong ab so r p t ion by 

�va t e r  v apo u r ,  <1 nd at 9 . 5  �Jm \vher e  t h e n· i.l r e  ab so r p t io n  band s  d ue t o  the 

s i l i c a  of the �: p e c  t r o pho tome t e r  c e l l  \.J i nJ mv s . The s e  i n s t r umen t s  d e p e nd 

on l ong l i gh t  pa t h s  t h r o u gh t he v a p u u r  ::; nmp l e s  1.,rh i ch ma y b e  a c h i eve.] hy 

mu l t i p l e r e f l e c t i o n  b e t\veen t-v:o mi r r o r s  i n  t he chamb er c o n t a i n i. ng t h e  

b r ea t h  samp l e . A la r g e  br ea th s am p l e  may b <� r eq u i r ed . Howev .::� r  t h e r e  

are the adv .:-l ll t a g e s  o f  imme d i a t e  H ad i nb s  ..1nd L �1e r e q u i r em ,� n t  f o r  o nly 

i n f r e qu ent c a l i b r a t i o n . 

A l c o ho l mav be o x i d i s e d  to a c e t i c a c i d  us ing t h e  r e gion o i  a 

po t e n t i a l  c o n t r o l l ed e l e c  t r ade 'V; he r e nei  L h P r the r cd uc t i on o [  o x ygen 

nor oxi da t i on of wa t e r  take s p l a c e , ( Ba y  et a l , 1 9 7 2 ) . Al c ohol v a po u r  

d i f f u s e s o n t o  an e l e c tro ca t a l y t i c s u r f a c e  i n  a f ue l  c e l l whe r e  

o x i da t io n  o c c ur s  and a c u r ren t f l ow b e twe en the ca thod e and anod e i s  

ob ta ined wh i c h  i s  pr opor t i o na l  to t h e  a l c oho l concen tra t io n  i n  t he 

s amp l e . S uc h c e l l s  d o  no t give an a p p r e c i a b l e  r ea c t io n  wi th a c e tone 

b u t  they d o  g i ve r e a c t i on s w i th a ld ehyd e s  and o th e r  a l coho l s . 

S emi c o nd uc to r s  c o n t a i n i ng N type s in t e r e d  s i l ic o n  o x i d e  d e c r ea s e  

e l ec t r i ca l  r e s i s t ance when c ombu s t ib l e  or r ed uc i ng g a s e s  a r e  ab s o r b ed 

o n to t he i r  s u r f a c e s . The y  a r e  v e r y  s e n s it ive to a w i d e  range o f  ga s e s  

w h i c h  a r e  f o und in a tmo spher i c a i r  inc l ud ing exhau s t  f um e s  and p e t r o l  

f r om mo t o r  vehi c l e s . The i r  r e l iab l e  u s e  as d e te c tor s o f  a l coho l i n  

b r e a th s amp l e s  p r e s u p p os e s  a n  inacc e s s i b i l i ty o f  o th e r  vo l a t i l e  
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subs tan c e s  t o  the semiconduc t o r . They a r e  ine xpensive and s tab l e  f o r  

a long t ime r e q u i r in g  l ow vo l t a g e s  w i th s imp le c i r cu i t r y  f o r  the ir 

o p e r a t ion . R e s i s tance c h a n g e s  a r e  c ompa ra t iv e ly l a r ge for sma l l  
c hange s i n  a l c o h o l  conc en t r a t i on . 

By 1 9 7 5 , a range o f  i ns t r ume nts d e s i g ned f o r  the m ea sureme n t  o f  

a l cohol i n  b r e a t h  sarnp J e s  u s i n g  e a c h  o f  the me tho d s  d e sc r i b e d  i n  the 

r r ev i o u s  p a r n g r a p h s  had b e come comme rc i a l l y  av a il a b le . A r esearch 

g r a n t f r om the L i c e n s i n g  Tr u s t f u n d  e n a b l e d  t h e  depar tme n t  to p urcha se 
a t  l eas t o n e  i n s t r umen t i n c or p o r a t i n g  e a c h  of the d i f f e r e n t  p r inc ip l es , 

exc e p t  f or t h e  i n f r a r ed d ev i c e . The i n s t rume n t s  were a l l  d e l i v e red  

d u r ing t h e  f o l l mving e i gh teen mon t hs a n d  a r e l i s ted i n  Tab le 2 . 1 . a nd 

i l l u s t r a te d  i n  F i gures 2 . 1 , 2 . 2  and  2 . 3 . 

2 . 2 TEST I NG PROCEDURES 

Te s t s on eac h i n s t rume n t  were b a s � d on t he proc e d u r e s  s e t  o u t  in 

t h e  f o l l 01vi ng s e c.  t i on s .  Ho\o7eve r ,  d ue to unique fe a tur e s in some o f  t he 

i n s t r ume n t s .  a d d i t io na l  te s t s  w� r e  c a r r i o'd o u t  whi c h  wer e  no t 

a pp l i c ab l �  to o t h e r  i n s t n lm e n ':: s a n d  t h e  rr:c Lhod s used in t h e sl' c a s e s  

have b e e n  i n c l u de d \•i t h  t h �..' r e su 1 t s  ob t a i n e d . 

2 . 2 . 1  Brea t h  V o l ume 

The mi n i mum v o l ume of b rea th r e q u i r e d  by t h e  Al c o l lm i t c r  wa s 

m..o a s ured b y  c on n e c t i n g  a s p i r ome t e r  t o  t h e ou t f  J O\v o f  the b r ea th 

samp le f r om t h e  t e s t  i n s t rume n t . As t he re \va s no s in g l e  b r e a t h  o u t J e t  

o n  t he I n t o � im e t e r ,  minimum b r e a th vo l um� s we r e  measur ed ind i r e c t l y  b y  

c o nnec t i n g a n  air  supply  t o  t he mo u t h p i e c e  of the i n s t r ume n t . The a i r  

p r e s s u r e  was ad j u s te d to t he minimum r e qu i red t o  ac t iva te a pressur e  

sen s i t ive sw i t ch wi thin the i n s t r umen t a n d  the samp l i ng t ime mea sured . 

Th e a i r  supply  was then co nnec t e d  t o  a s p i rome ter thr ough an adj u s tab l e  

r e s t r i c t i on t o  ob t a in t h e  same a i r  p r e s s u r e  and t h e  v o l ume wa s 

measur ed wi th the same samp l i ng t ime . 

2 . 2 . 2  Tes t s w i th a Brea t h  Al coh o l  S imula tor 

A l l  ins t r ument s \ve r e  ca l ib ra ted t o  g iv e  equiva l e n t  b l ood a lc ohol 

level s  u s in g  a d is t r ibu t io n  c o e f f i c ie n t  v a l ue of  2 , 1 00 .  They were 

t e s ted i n i t ia l l y  by b lowing t e n  conse c ut ive breath samp l e s  f rom a 

sub j e c t with a zero b l ood a l coho l l eve l t hrough a S tephenson s imu l a tor 

( Smi th a n.d hle s son I nc . U . S . A . ) con taining wa ter p l u s  a lc oho l . The air 
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TABLE 2 . 1  

BREATH ALCOHOL TESTING INSTRUNEi\TS 

P r inc ip�e 

F u e l  c e l l  

Fuel c e l l  

Fuel c e l l  

T r a d e  name 

A l c o l imj t e r  

A l c o lm e t e r  

Pocke t APST-M l 

Evid e n t i a l  AE-M2 

Ev id e n tia l AE-D l 

A l c o s l' n s u r  

G a s  l n t o xime t e r  �fk lV 
c h r oma togra phy 

:-1a n u f  ac t u r e r  

Et' e r ge t i c s  
S e  i e n c t: T n c  

U SA 

L i o n  
Labora t o r i e s  

U K  

C o s t  NZ$ 
S i�� �m ._ 

( 1 9 7 5 )  

1 '5 :-: l  'n: :.!. 7 

3x 6 x l 2  

l l x 20 x 2 4  

l 3x l 5 x 2 9  

7 5 0  

209 

1 1 5 2 

I n t o x i m c t c r lnc 3x6 x l 2 3 70 
U S A  

l n t o x irnl' t e r  l n c  2 7 x40x4 5 3 , 7 0 0  

U S /\  

C a l o r ime t r i c  !3 r ea t ha l v ze r  900A S m i t h  a nd Wesson 2 l x 2 6 :<: 2 0  7 7 0 

1 7 6 0  1000 \." SA 2 U x 3 6 x 5 l 
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Figure 2 . 1  

A r ange o f  fuel c e l l  ins t r umen t s . From l e f t  to r i gh t ;  
Alc o lmeter AE-M2 ; AE-D 1 ;  Alco-L imi t er wi th the 
Alco-S ensor II and Alcome ter PET in the foreground . 

F igure 2 . 2  

The gas chroma togr aph Intoximeter Mark IV wi th m ixed 
hydrogen/ni trogen gas supply on the r ight and b r ea th a l cohol 
s imulator on the l e f t . 



F igur e  2 . 3  

1 3  

� -
--

The Brea thalyzer 900A ( le f t )  a nd the 1000 ( r igh t )  wi th the 
Mark IIA brea th a l coho l s imula tor in the foreground . 
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whi ch c ame f r om the s imula tor c o n t a i ne d  s t a ndard amounts of a l c oho l 

vapour g iv i ng an  equivalent concent ra t io n  o f  1 00mg a l c oho l / l. O Om l  b l ood . 

The simu l a to r  c on ta i ned a s t ir r e r , imme r s ion h a. t e r  a nd a thermo s t a t  to 

ma i n t a in the wa t e r- a l coho l so l u t ion a t  3 4 °  ± 0 . 2 .  Th e a l c ohu l .s o l u t ion 

was prepared fr  shl: each d ay o r  a f ter a se r i .:s  of t e s t s  b y  d il u t ing a 

s to c k  so l u t ion o f  6 0 . 8  g a lcoho l / l i t r e ,,:' t i e l !  had been s tandar d i se d  by 

f r e e z i ng po i n t  smome tr y  (RPd e t sk i , 1 9 7 l ) . For every incremen t o f  

l Omg / l OOm l  o f  b l o od l eve l r e q e i r cd Lo b t' s i mu l a ted , one mi l l i l i t r e  o f  

t he s tock s o l u t i o n  wa s u seJ a nd the t o t a l  d i l u t ed to a v o l ume o f  S O�nl . 
In the r ema i n d e r  o f  th i s  sec t i on , the  r e su l ts o f  b rea th t e s ts a r c  
r e f erred to a s  t h e  conc en tra tion o f  a l cohol i n  1 0 07111 o f  b lood . 

2 . 2 . 3  Ma i n ta ined r e l i ab i l i ty 

Al l ins t rume n t s  �o:ere  i n t ia l ly c a l i b r a ted \vi th a 1 00mg/ 1 00ml 

s t andard . At i n t e rv a l s  ove r a per iod o f  28 days , they were re t e s teJ 

a nd the d ev i a t ions f rom the in t i al l ev L l  rec orded . 

:! . 2 . 4 

The l i no 3 r i t y o f  r e s ponse o f  0 a v l1 i n s L r ume n t  was c hecked b y  

d e t e rmi ni n g  t h e  mea n  of 3 sirr:u l a t o r  t < ' S t s  a t  e a c h  o f  s ever a l  a l c oho l 

l eve l s  i n  a r angL' f r om 0 to 2 50n.g/ l OOm ] . !i i gh e :- leve l s  t c nJcJ Lo 

ove r l oad t h e  f ue l  c t' 1 l i n s t rume n t s .  !lmJ< ver , t h e  r ange c o u l d  be 

e x t end ed to 5 00 :ng / 1 00ml f o r  the B ::- e a t l t  d y ;� r  r s . 

Brea t h  a l c oh o l c�s t ima t i ,) n s  "' l� H' C"l r r i ed o u t  or' sub j ec t s  v1ho had 

c o nsumed a l c oho l and who s e  b lood a lc ohr> l l ev e l s  \·:e r e  d ec l i ni ng a t  a 
c ons tan t ra t e . S ince i t  wa s no t conve n i e n t  t o  o b t a in b lood samp l e s  

f rom the s ub j ec ts a t  the t imes t h ey were t e s ted , crossche cks o f  
r e su l t s  f rom o ther i n s trum�nts w � r e  obta i ned . I n  an i n i t ia l  s t udy , 

s i x  sub j ec t s  i ng e s t e d  a l coho l as vodka i n  lemonade ove r  a one hour 

per iod appr oxima t e lv four hours a f t e r  a l i gh t  lunch . B r e a th t e s t i ng 

c ommenced one hour l a t e r  u s ing the lnt oxime t e r  and the n  o n  the nex t 

exhala t ion , one o f  the o t he r  brea th te s t i ng i n s t rument s . Sub seq uen t l y , 

i n  a s tudy i n  wh ich only the d i g i t a l  Al c o lme te r  and a mod i f ied gas 

chroma tograph ( d e s c r i b ed in the nex t cha p te r )  were used , b r ea th t e s t s  

were ob tained o n  subj e c t s ei ther f rom conse c u t ive brea th samp l e s  o r  

f rom the same b r ea th s amp l e  by c onne c t i ng the Alcolme ter mou t hp i e c e  to 
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the in l e t  of the b r ea th samp l er o n  the ras c h r oma togr aph . The 
s amp l ing valv e o n  b o th i ns t r umen t s  we r e o p e r a ted  s imul taneo u s l y  

c a p tur i ng a por t io n  o f  b r ea t h  f rom t h e  d t r c am o f  exha led a i r  w i th a n  

i n t e rv e n i ng v o l ume l o s s  o f  onl y abou t 5 m l  . 

2 . 3  RESULTS 

2 .  3 .  1 Al c o l im i te r 

The Al col imi ter i s  op e r a t ed b y  b low ing i n t o  a h e a t ed c h amh e r  in 

t h e  ins t r um e n t  th rou gh a mou thp i � c e  c o n Ll i n i ng a sma l l  s e gm e nt of p i p e  

c l eaner t o  ab sorb a ny s a l iva . A p r e s s u r e- s en s i t ive swi t ch s ta r t s  a 

t imer and an "ana ly s e " l igh t i s  turned o n  a f t e r  5 s ec ond s o f  c o n t i nuo u s  

b l owing a t  a mi nimum b r ea th p r e s sure . The 2 0ml samp l e  r e r a ined i n  t h e  

c o n ta i ne r , which i s  the l a s t  p o r t ion exha l e d . i s  t h e n  passed through 

t he f u e l  c e l J  by swi t c h i ng o n  a pump i n  the i n s t rume n t  and a n  e l e c t r i c a l  

s i g na l  r e s u l t ing f r om t h e  ca ta l y t i c  ox idJ t l on o f  a lcohol i s  d i s p l a y ed 

on a :-ne re r  s h O\v i ng a s  a b l o o d  a l c oho l l ev e l . 

The f i r s t  .i. n s t r umL' n t  w a s  r eC' e i v f:d t ar 1 y i n  1 9 7 4  cl nd a S c· c o nrJ 
i n s t r ume n t  i n  �1a y 1 9 7 5 . An l n s t ruc: t i v n  r·J<.111u a J  was s u p pl ied vi t h  e ::. c h  

d e t a i l i n g  t';w p r i nC' i p l e s  o f  o p e r a t  inn . A l t h o ug h  c hanges had b e e n  ma d e  

i n  t h e  i ns t r um en t , t h e  s e r v � c i ng a n d  l ns t r u c t �on manua l s  �ere 

i c1 " n t i c a l . T h e  s e c o nd J ns t rune n t  c o n t d i n('d Lh c rmo s t a t s  ��h i c h  '·lere 

t ' n l· l c set.i in  t" ! 1<2 !w2. t cd c h �1mb e r  anrJ c ou l d  ·1 1 t  h e· <lr.l j u s L ,� d  and o 

p r o t e c t i o n  d iod e haJ b .: e n  a .J d e d  t o  the 1 .� v u l t su ) p l y  l i ne n;a k i ng t h �:.  

hea t e r  i no p c r. :l t lve u n 1 e s s  t. h e  s u p p l y  w a �; r f t l ! L' c o rr e c t po Lu i t v . I n  

ad d i t i o n ,  t h e  op e r a tion o f  t h e  l ig h t  wh i c '1 i n d i ca t ed \.Jhen the 

i n s t r ument wa s a t  the c o r r e c t tempt• r a  t t l r t' h ad b e en r e v e r s e d . Apa r t 

f r om t h e  opera t ions r ela te d t o  the s e  c ha ng e s , t h e  manua l \7a s  a d e q ua te 

for some ma i n t e nanc e bu t i nad e qu a te to b �nd l e  e l e L t r o n i c  p r ob l ems . 

W i th the f i r s t  mac hin� , i t  wa s pos s ib l e  to ana l yze a f t e r  the 

ex p i r a t ion of onl y  6 0m l  of b r ea th . I n  p ra c t i c e , l a r ger b r e a th s amp l e s  

ar e r e q u ired and s o  t h  i n t e rn a l  tub ing conne c t o r s  were mod i f i ed t o  a 

wider bore to i nc r ea s e  the m i n imum vo l ume . Th i s meant tha t bo th 

i ns t r ume n t s  would then ope r a te  a t  a m i n i mum b r ea th p r e s s u r e  of 30mm Hg 

and ensured t ha t  a t  l e a s t  4 5 0m l  o f  b r ea th 1o�a s v e n t e d  to the a tmosphe r e  

b e f o r e  a n  anal y s i s  wa s r e c o r d ed . 
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The s p e c i f i c a t i ons f o r  the s e  i n s t rume n t s  had q uo t ed D. s t a nd ar d  

d ev i a t i o n  o f  3mg / l 00ml o n  a b r <2a th l ev e l o f  l OOmg / l OOm l •,.rhi c h  i s  i n  

agr eement \,, i th t h e  r e su l t s o f  t h e  s i mu l a. to r  t e s t s  g iv e n  i n  Tab l e  2 . 2 . 

Fu el c ell d e v i c e s  r e q u i r e  a p e r iod o t  s ev e r a l m inu t e s  to r e c o v e r  a f t e r  

a n  ana l y s i s . If a s ec ond r e a d i ng f o l l ow s  imme d ia t e l y , thl� r e s u l t: -.: i l l  

b e  f a l se l y  e l eva t ed . The mean r e c ovc r v  t i me on t en c o n s c r u t ive t e s t �  

\va s  8 m in u t e s . T t.:  was f ou nd t h a t tlw i n s t r umc· n s c ould h e  u sed a t·  

c l o se r i n l e rva l s  i n  t i me p r ov i d j ng thP r � ad i n g  ob s e rv ed irruned i a t t> l y 

pr i o r to b r ea th samp l ing was sub t r a c ted f rom the f i na l  r e a d ing . A 

fur t h er t e n  c o nsecu t iv e  t e s t s  e a c h  t h r £ c  m i nu t e s  apar t u � ing t h i s  

pr oc ed u re gave t he sam �ean va l ue a nd a l ower ing o f  t he s t and a r d  

devi a t ion f r om 1 . 5 to 0 . 9  mg / l OOrnl . Tab l e  2 . 3 s hows a dec l ine i n  

c a l ib r a t ed value w i th t ime . As the  f nel c ell s aged , t h e y  ha d t o  b e  

c a l ibra te d upwar d  b y  in c r e a s ing th e amplif i c a t i on o f  t h e  s i gnals . 

Eve n tual l y ,  no f u r t he r  s u c h  ;Jd j u s tme n t s  c o uld b e  mad e . The c el l s w e r e  

usab le f o r  a p e r i od o f  9 mo n th s  b e f o r e  t h e y w e re r ep la c ed . TI1 � i r  l i f e  

ex c e ed e d t h e  s pc c i f i ca t iun o f  !, no n t L s  but t h i :> may have b e e n  d ue t o  n 

l o\,,er l ev e l  o f  ll ti t' than t na t  emp l o y e d  by thr· manu f a c t u r e r s . Du r i ng t h e  

9 mo nth s ,  a l c oJ , ,J l - f re e  b r ea t h  s wnp l es shU\·I < d i nc r l' a s ing small r c .Jd inz; s  

u p  to  l Omg / l OOm l  an d r e c o v e r y  f r  m d h i gh a l c oho l t c> s t was s l O\ve r . 

L in ear i tv  f e l J o f f  above l O Om i--\ / l OOml , b ec om i ng more ma r k ed a s  t L l.! c e l l 

ag ed , ( Tab l e  2 .  ) . 

Bo t h  A l c o l ii:1 i t e r s  U L VP l e;  . c� d  a s e r i e ::; o f  t'ma l l b u t  im po r t <-<n t f J 1 . J  t s  

d ur in g  u s e  s o  t ha t  i t  \.;it S n e c <.• s s ..1 r y  t o  hav e bo th i n  o p e r a t i o n  n t  .:1ny 

on L ime, \v i t h one a s  a n• s e r vl'  i n s tr ume n t  for t h e o th er . The f a. u l t s  

whic h we r e  l a r g e l y  mecha n i c a l ,  o c c urred  i n  ( a )  the t h e rmos t a t u f  th e 

h ea ted  c hamb e r  in b o t h mo d e l s  r e s u l t i n g  i n  a t empera tur e drop,  ( b )  the 

i n terna l  t ub i ng b e came l o o s e  c aus i ng b r L a th leaka ge a n d  ( c )  o c i r c u i t 

b oa r d  c on t a i n i ng the ba t te r i s d eve l oped a ha i r l i ne f r a c tur e \vh i c h  wa s 

d i f f i cult t o  loca t e . O ther ele c t r i cal p rob l ems also o c curr e d .  B o th 

mode l s  r e p ea tedl y  deve l oped the s e  f a u l t s  an d  ra ther m o r e  so w i th the 

newe r model . The use o f  these ins trume n t s  wa s abandone d  in la te  1 9 7 5  

when de v ice s f r om o ther  manu f a c tur e r s  be came ava i l able . 

2 . 3 . 2 A l c o lme t e r s  a nd t he Alc o- s e nsor  

Th e r e  we r e  f ive di f f er e n t  vers ions o f  th i s  fuel c ell dev i c e  

produced ove r  a 3 yea r pe r iod . B r ea t h  samp l ing w i th a l l  f ive i ns t rumen t s  
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TABLE 2 . 2 Resu l t s  o f  t e n  c o ns e c u t ive t e s t s  wi th a s imu l a t ed 

b r ea t h  a l c o ho l  s tand a r d  c o r r e s pond i n g  t o  l OOmg / l OOml b l c, o d . 

T e s t 

2 

3 

4 

.5 
6 

7 

8 

9 
1 0  

rl (' i1 0  

s . d . 

A l c o l  imit e r  
1 2 

9 8  1 00 

l OO 1 0 2 

1 00 l O O 

9 9 9 9  
9 7  9 9  

1 0 1  1 0 2  

9 8  1 0 2  

9 1  1 00 

9 7  1 0 2  

9 !, 9 R 

9 7 . 5  l O O . 4  

3 . 0  1 . 5 

No t e s : -

A l c o l i::1 i t er s  

A l c o l me t e r s  

Rea d i ng s  o n  

A 1 c on e t  r 

2 J 
I n t o x ime t e r  

B r ea thu l y z "· r  
900 1 00 0  

9 7  l l  5 l OO 1 0 5  9 9  l OO 9 7  

90 1 0 5  l O O 1 0 2 100  1 0 5  1 00 

84 95 9 8  9 7  1 0 1  100  99  
7 8  8 5  9 8  99  1 0 2  9 5  1 0 3  

76 85 9 2  9 7  1 00 l OO 1 00 

7 8  8 0  9 0  9 7  1 00 lOO 9 5  

7 5  7 5  9LI 9 5  9 9 1 0 0  9 8  

7 0 7 0  9 2  9 3  9 7  9 5  1 0 5  

7 3  7 0  9 0  94 99  1 00 l O O  

70  7 0  8 8  lJ 2  9 8  1 (J 5 l 0 l 

79 . 1 8 '> . 0 9 1  �I . .  - (j 7 . l 99 . 5  l ()() . 0 9 9 . 8  

8 . 8 1 5 . 6 4 . 5  (, . (j 1 .  4 ] . ') 2 . 9 

l ea r l v  mod�· l 

2 l a t e  mod e l  
A l c n- s e n s o r  I I ,  d i g i t a l  

2 Ars ·::-a 1 poc k e t ,  me t e r  

3 AC-t12 evide n t i a l  a n a l o gue 

4 AE-D l e v i d e n t i a l d i g i t a l  

the A l c o lme t e r  2 nnd B r ea t h a l y z e r  9 0 0  w e r e  m c. d e  

t o  t h e  ne a r e s t 5mg/ 1 00m l . 
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TABLE 2 . 3  Dev iat ions in mg/ l OOml f r om <i s tand a rd s imula tor t e s t  

o f  1 00mg / 1 00ml a t  va r i o us i n t erva l s  d u r i ng a one mo n th pe r iod . 

Day 
A l c o l im i t L! r s  A l c o lme t C' r s  

I n to x irnc U.r 
B r ea tha l y ze r  

1 2 2 3 4 9 0 0  1 000 

1 0 0 2 0 0 () iJ () 0 

4 0 0 1 5  0 0 (l 0 - 3  

5 0 0 1 0  0 2 2 5 - ]  

6 0 0 1 5  - 5  0 - 3  0 - 1  

7 - 5  - 3  1 0  - 7  - 1  - 1  - 5  2 

1 5  -·4 - 7  5 - 5  2 - 3  - 5  0 

2 1  0 - 20 5 - 1 0  0 0 0 0 

28 1 0  - 2 0  5 - 1 0  3 0 0 

The no t e s  a t  t h e  f o o t o f  t ab l l� 2 . 2 �p p l y 

TABLI: 2 . 4 L i near i ty o f  i n s  t r umt...' r! t �· . R e s u l t ::>  o l  s t: a n d <J r d  

a l c o h o l  v a p o u r s  f r om the  s imu l a t o r . 

Va l ue o f  s tanda r d , mg / 1 00ml ') 0  l OO I ') 'l 20') 2 50 300 40(J '100 

A l c o l i m i t e r ,  Il L \-.' c e l l  5 3  q s  l • '> 1 f) () 2 3 1  

A l c o l imi t c r , o 1 c  c e l l  9 5  1 3 ') J 7 (l :.'05  

Al c o lme t e r . AL-HZ 5() 9 7  ] U) 1 6 0  1 9 0  
A l c o l me t e r , r\[-f) j ,  d i g i t a l  s o  1 0 )  

I n t ox ime t e r  5 0  1 0 3 1 ., ,, 2 0 5  260 

Brea tha lvzer 9 00A 9 5  2 0 5  2 9 5  

1 000 1 00 1 9 0  2 7 7  3 7 1  4 5 9  
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o p e r at e d  on t h e  s am e  p r i nci p le ;  th e s u b j e c t  b lew through an open tub e  

att ach e d  t o  t h e  s e nso r h ead and at a p oi n t  d e cided b y  t h e  op e r a to r , a 

b ut to n  wa s d e p r e s s e d  r e lea s i ng a s pr i ng- l o ad e d  s yr i nge to t a k e a sma ll 

s am p l e  o f  t h e  b re ath f lowi n g  through th e tub e  d i r e c tly int o t h e  f u e l 

cell ch amb e r. Th e b r e ath t ub e  co ntai n<:!cl a large h o l e  vJhi ch w a s  

i n t e n d e d  t o  p r ov ide a whi s t l i n g  sou nd <L ri n g e x p ir ati o n; a d s c r ea s e  

i n  th e n o t e  i nd i c a t e d  th e app r o a ch in g  l ' nd o f  t h e  exp i r a t io n  whc.. n the 

samp l e  shou l d  be taken . Th e r e  wa s no r L' :·>i s t:�n c P  to b l ow in g  in t h e s e  

tub es and i t  w as d i ff i cul t  to j ud ge t hv c 0 r r e .:· t t ime at r.vh i ch to t ake 

t he s p e cimen . Th is tube h as re ce n tly h L• .:.· n  r e p l ac ed \oJ i th a con v <.· n t io n al 

wh is tle o f f e r i ng s ome r e s i s t ance to b l ow i ng and m ak in g  it eJ s i e r  f o r  the 

o p e r ato r to d e t e rm i n e  the end of an e x ,  ir at i o n . 

The e ar] i e st ins t n.un e n t  te s te d  \va s a p o c ked mod e l  wit h  a sm all 

m e ter s ca l e  f r om 0 t o  300mg / 1 0 0r.1 l . ThL.' p e r f o r manc e o f  th i s  ins t rume n t 

wa s ver y u n sa t i s f ac tory a nd th e r e s u l t �; a r c no t p r ,• s e n t e d  h � re .  I t  was 

r e p l a ce d b y  o.n improved v e r s i on , th e APS T-�11 wh i c h h ad a mo r e  s ta b l e  

t h e  i nd i cat ed tempc ro. t ur e  0 ::1  a i iq u i d  L· r y s t. a l  d i s p L 1y vm s b e tween 

20 a nd 36° . A sma l l  i n s l r u c l i o n  nwn u : l l lv <l S i n cl ud e d v i. t h  t h e> i n s t n lmt' n t  

d e t a i l ing o p e r a t i o n al anJ c a l i b r .:1 L i o n  p r o c e d u re s . 

At t h i s  t ime an e v i d e n t i a l  i n s t r u l" t.? n t ,  thP AE-M2 , a ] s o  b e came 

ava i l ab l e  f r om Lhe manu f a c.. tu r e r s  a nd < > JH of t he se Has p u r c lw. s e d . I L 

o pe r a t e d  0 '1  L lw same p r i nc i p h· s  , > s L h l· ! luc: k e t  mod L l  b u l r o n l a i n cd a 

hea ti n g  c omp artme n t  in \, h i c h  t h e  s c n �;o r  c o u l d  be p la c e d  l u  rna l n t a i n  

i t  a t  a L�mper a t u r e  '-''h i ch ap p e ar ed to h L' b �· t ween 30 and 4 0
°

. The 

r e s u l t s  we re d i s p l a yed o n  a l a r ge me t L r co n t aine d  in  a car r ying c as e  

to wh ich t h e  t h .;  se nso r \·Jas a t ta clled b y  a f l ex ib le c abl e .  T h e  opera t i ng 

m anu al w as re aso nab ly comp r e h en s ive w i t h  ar1 e le ct r o n ic cir cu it d i agram , 

b u t the r e  \va s no me nt io n  o f  t he hea t · ng comp ar tm e nt .  The u s e  o f  a 

NALCO s t and ar d g as ( alcoh o l  i n  a r g o n) \·l<l s re comme nd e d  f o r  calib r atio n  

and p re s sur i se d  cans or cyli n d e r s \v e r c  c omm e r ci ally avail ab le . A l tho u gh 

the ins tru ctio n s s t ated th at t h e  ou t l L  t o f  the NALCO co nt aine r  shou ld 

b e  con ne ct ed to t h e  s am p l i ng por t o f  t h L  s en s o r , i t  wo u l d s e em th at th is 

con ne ctio n sho ul d  h ave b e e n  m ad e  th r o ugh an o p e n t ub e ,  s imi l ar to the 

brea th tube bu t wit h o u t th e la r ge ho l e  in t he t o p . 

Th e th i r d  ins t r umen t purchased f r om the s e  manu f ac t ur e r s  d i sp laye d  
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t h e  r e su l t  in d i g i ta l  form , th e  AE-D l , an d t he temp e r a t u r e  o f  t h e  

0 
s en s o r  h e a d  c om p a r tme n t  was a p p r ox ima t e l y 6 0  . The i n s t ru c t io n  manual 

i nc lud ed a s e rv i c i ng s e c t io n  \v i t h c i. r c u i t d iag rams as w e l l a s  < m  

i n s tr umen t eva lua t io n  s e c t i on .  Th e sp(•c i f i ca t ions wer e Lhe s ame a s  f o r  

the me t e r  mo d e ] . 

The l a s t i n s t rument was pur chased f r om I n toxi:ner Inc . U . S . A .  which 

was a p oc k.L t i n s t rument , the A l c o- S e w-; • H- I l ,  u s ing the s ame f u e l  c e l l  

a nd ba s i c  d e s i g n  b u t  • . .J i th d d i g i ta l  d i <,p � a y . The opera t i n g  manu a l , 

tho ugh sma l l , wa s b o t h  c l e a r  a nd c onc i 

wel l i l lus t ra t e d  wi t h  a pho tog r a ph . 

a n d  the c a l i b r a t ion p r o c e d u r e  

For t h e  i n t ia l  po c k e t  A l c o lme t e r . J t  w a s  sugges t ed tha t t h e  f u e l  

c e l l  l i fe wou ld b e  b e tween 6 and 12  mo n th s , b u t  i n  l a t e r  in s t r um e n t s  i t  

was s ta t e d  th a t  a m i n imum o f  1 0 0 0  t e s t s  c ou l d h e  p e r f o rmed b e f o r e  

r e p l a c eme n t  Y.'as nec e s sary . The s p e c  i f  l e a  t io n s  o f  t he evid e n t i a l  d e v i c e s  

g a v e  an a lc ohol r ange f rom 2 t o  3 0 0  m g /  l OOm l \v i t h a r e p r od u c ib i 1 i t i e s  

o f  5% a nd a n  a c c u r a c y  o f  pr ed ic tirw " 1 l ' ''1d ,t l c o h o l  l (-VL· l  o f  l l, , ' _ A l l  

f our i n s t rume n t s  shov..,e J  l o s s e s  o f  c a l ! " r a ted \'a l u e  o n  t en c o n s c.: c u t i ve 

t e s t s  a t  l O Omg / l OOml ( tab l e  2 . 2 ) , ew- 1 1  \:h en t h e s e  t v s t s we r e  s pa c ed 

1 5  m i nu t e s  npar t .  The loss of l i ne a r i  t v in the hi gher range s \.:a s  no 

doub t d u e  t P  an i nah i l i t. y f o r  t h e  i n s t r un�e n t s  to ho l d  a c a l i b r a t t- d  

va l u e  ( Tnb l c  2 . � ' . Th i s  f a 1 1 i n  p e r f o rrn nc e appeared t o  d e c r c a s� \v i th 

t h e  h i g h e r  o p e r a t i n g  t emp e r a t u r e s  o f  t l J t '  f u e l c e> l l . 

2 . 3 . 3  l n tox ime t e r  :'-!k I ' 

The �!J r k  I\' :nod e l  o f  t h e  I nt o :< i rnv t  .. _. r  d e l ivered i n  S e p t emb e r  1 9 7 J 

i s  a ga s chr omii t o g r aph wi l h  a u t o ma t i c 1 n· 1 t h  samp l i n g . The s ub j e c t  J s  

r e q ui r ed t o  b l o•-1 t h r o u gh o. f l ex i b l e  unh ' il t e d  tub e about 40 cm l ong 

t h r o u g h  ''h i ch a s t ream o f  air c o n t i nu o t l s 1 y f l ows to k C> e p  it f r e e  o f 

c o n d e ns a t i o n . A minimum b r e a t h  p r e s s L. t t •  i s  r e q u i red to s t o p  t h i s  

a i r f l ow a nd a c t iv a t e  a p r e s su r e  s e ns i t i v e S\v i t c h  t o  s ta r t a t im e r . The 

b r e a t h  ov e r f l ow s  through a samp l e  va l v e  so tha t the la s t  p o r t io n  o f  

exha l ed a i r  b e c ones the t e s t  samp l e . I f  the b r e a th p r e s s u r e  i s  l e s s  

than t h e  m i n imum l e ve l w i thin 4 s e c ond s ,  t h e  samp l e  i s  no t a c c e p t ed . 

O thenv i s e the va l v e  c l o s e s  a u t oma t i c a l l y  a f te r  7 second s \vi th a m i n imum 

b r e a t h  v o l ume hav in g b e e n  ex p i r e d  o f  6 00m l . A f ter a b r i e f  d e l a y , the 

breath s am p l e  i s  r e l e a s e d  o n t o  a s ho r t c h r oma t o gr aph i c  c o l umn f i l l e d  

w i t h  Porapak. Q i n  a n  oven a t  a t empe r a t u re o f  approxima t e l y  95
°

. 
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A m i x t u r e  o f  hydrogen and ni t r o gen g a s  c a r r i e s  the samp l e  through the 

c o l umn , whe r e  s e pa r a t i o n  o f  a l cohol f rom o ther vola t i l e  c omponent s  

o c c ur s , t o  a f l ame- io n i sa t i o n  d e t e c to r . The s igna l  s tr e ng th f rom t h e  

d e t ec to r  i s  propor t iona l t o  the a l c ohol c o nc e n t ra t i o n . T h i s  s i gna l i s  

a u toma t ic a l l y  i n t egra t ed and co1 v er t ed t o  a d ig i ta l  f o rm f o r  d i s p la y . 

The a c c omp a ny i ng i n s t r uc t i o n a nd ma i 1 1 t e nance manua l s  a r e  d e t a i l ed 

and c l ea r l y  i l l us t r a t ed w i th comple t e  c i r c u i t  d iagrams f o r  t h e  

e l ec t ro n i c  c ir c u i t r y . Ther e w e n :  no s p e c i f i c a t i ons f o r  per f o rma n c e  b u l  

t h e  r e s u l t s o f  c o ns ec u t i v e t e s t s  ShO\.J a 1 0\.J s t andard d evia t io n ( Tab l e  

2 .  2 )  and t h e  d ev ia t i ons f r em c a l ib ra t ed v a l ue over a o ne mon t h p e r iod 

\vere a l s o sma l l  (Ta b l e  2 .  3 ) . Read i ng s  w i t h  s ta ndard a l cohol va po ur s  

\ve r e  l inear over a range f r om s o  - 2 6 0  mg/ l OOml '"i t h  a devia t io n  

n o  grea t e r  than 4% (Tab le  2 . 4 ) . Th e I n t o x imeter ha s been u s e d  

extens i v e l y  o v e r  a two y e a r  p er i od f o r  many hund red s o f  t e s t s  u n d e r  

various soc i a l  a nd lab o r a t or y  d r i nk i ng s i t ua t ions . I t  has been 

no t a b l y  t r oub l e - f r e e  d u r i ng t h i s t ime il n d  a pa r t f r o m  ro u t i n e  s er v i c ing , 

t h e  onl y mod i f i c a t ion has b een t he r c p l, c ement o f  a po t e n t i ome t e r t o  

make r e s e t t i ng o f  t h e  c a l i b r 3 t c d  va l ue m o r e  r e l iab l � . Th i s  i s  t 1e b e s t  

p e r f o r m i n g  i nst r ume n t i n  a l l  r e s p ec t s  o [  1 i..nea r i ty , r e p r o d u c io i l i t y and 

s tab i 1  i t v . 

2. . 3 . 4  

Two mod e l s o f  t he B r ea t ha l y zL' , t 1w 900A a n d the 1 000 He r e  o b t a i ned 

w i th s e p a r a U ·  c omp r e h e n s i v e ir • s t  r uc t i on :u1d ma i n t e na n c e mr1 nua l s . l n  
t he mo d e l  900A , t he s ubj e c t  \1 h'iv S  th r�.' u gh ,1 mou thpiec L" ,  inc o r pc r J t i n £,  a 
s a l ivn t r n r , i n t -..· a 5 2ml hea t u1 c hnmb c: r  1: i t h i n  the i n s t r um en t . Th i s  

chamb e r  c o n t a j n s a p i s t o n wh i c h  i s  r a i sed b y  the inf l owing b r e a t h  t o  

un c ove r  h o l e s  i n  t he t o p  o f  the c ha mb e r  t h r o ugh whi ch ex c e s s  b r e a t h  i s  

v e n t ed . ilh e n  t he b r ea th f l m·J c e a s P s , t h e  p i s t on drops s l i gh t l v  t o  

c over t h e s e  ho l e s  and i s  he l d  i n  t h i s  po s i t i o n  b y  a magnet s o  tha t the 

l a s t  por t ion of b re a t h  exha l ed i s  r e t a i n e d  in the c y l i nd e r . W i t h  t h i s  

d es ig n ,  t he vol ume o f  b n'a t h  e xh a l e d  b e f o r e  cap t ur i ng a s am p l e  c a n  b e  

v e ry var iab l e . 

To overc ome t h i s  d e f i c i en c y  in t he �!od e l  1 000 , t he b r ea th o ve r f l ows 

i n t o  a second c hamb e r  o f  4 00ml c apac i t y  a l s o  c o n t a i n i ng a p i s t o n so 

t h a t  a minimum vo l ume o f  4 5 0m l  is r eq u i r ed and the l as t  p o r t i o n  o f  

b rea t h  i s  r e ta ined i n  t he sma l le r  chamber a s  b e f ore . A l though t h e  

requirement for a m i n imum brea th vo l um e  h a s  b e e n  me t ,  there c a n  b e  
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con s i d e r ab l e  var i a t i o n  a b ov e t h i s vo l t Jme b e cause a lamp i n d i c a t i ng tha t 

the s e c o n d  c hamb e r  i s  f u l l d o e s  n o t  l i gh t un t i l  t h e  sub j e c t  s t o p s  

b l ovJi ng . 

I n  b o l h  i n s t rumen t s .  t he s amp l e  o f  b r e a t h  i n  the 5 2  ml c hamb e r  i s  

s l mo1 ly bubb led t h r ough a n  ampo u l e  con t a in i n g the r e a c t ion mix t u r e b y  

r e l e a s i n g t h e  \ve i gh t ed p i s t o n  and t h e  amoun t o f  a l c oho l j n  t h e b r e a t h  i s  

m ea s u r e d  b v  the c hanges i n  a b s o rbanc e o f  t h e  m i x t ur e .  The s e  amp o u l e s  

COnt a i n  3 . 0  m l  o f  a 0 . 2 5 :ng / m l  f> O t a s s i um c i c.hroma t e  ln  SQ;�; s u l p hu r i c  

a c i d  a nd :1 c a t a l ys t  o f  s i. lv <.? r  n i t ra t e  a t  a c o nc e n t r a t i o n  o f  l mg / rn l . 

The fol low i ng r ea c t i o n  t a k e s  p la c e : -

The o r i g i na l. B r ea tha l y z e r used a h ea t ed d i ch r oma t e  m i x t u n· to s pe e d  t h e  

r e a c t ion , b u t w i t h  the a d d i t i on o f  n s i l v e r  c a t a l y s t ,  t h e  r e a c L i o n  wa s 

e s s en t ia l l y c om p l e t e  a t  r o om tempe r a t ur e  in  90 s e c o nd s  a t  a l c oho l 

l eve l s  b e l ou 2 0 0  m g / 1 00 m l , b u t  i t  wa s f o und t ha t  2 4 0  �econd s  uere 

r e q u i r e d  .s t  e q u iv a l en t b l ood 1 l •  o ho l  lc�vl' l s  o f  5 00 mg/ 1 00 m l . I n  t h e 

mo d e l  l O'J O , c ha ng e s  i n  a b s o r b ..1n c �· r •� <-H.L. r . g s  w e r e  ma d e: a u t oma t i c. l l l y  a t  

9 0  s econd s s o  t h a t  t h e  h igh a l c oh o l  l e v e l s •,.re r e  s l i g h t l y  •J nde r e s t ir.ld t ed 

r e s u l t i ng i n  so�e l o s s  o f  l i n �ar i tv (Tah l e  2 . 4 ) . These l uw r e a d i n gs 
c o u l d  b e  c o r r e c t �d b y  a s imp l 0  c a l ib ra t i 0 n  c ur� e . The p rob l em was no t 

so ev i d e n t in t h �  mod e l  900A a s  t h e  r l nJ i n g s  we r e  re g ist e r ed manud l l v  
2 f t e r  a n  i . H.li c a t o r l i gh t c arnc o n . 

As t he B r ea t ha l y z e r  i s  e s s e n t i a l l y  a c o l o r ime t e r , i t s  p e r f o rmance 

c o u l d  b e  checked aga i n s t  a s t a nd a r d  lnbo r a t o r v  s p e c t r opho tome t e r  ( a  

H i t a c h i  mod e l  1 0 1 ) . B r e a t h  t e s t s  w e r e  m a d �  i n  t h e  mo de l 900A i n  t he 

u su a l  man ne r f rom a range o f  s imu l a t o r  s t a nd a r d s . A f t er the r e a c t i on 

p e r i o d , t he co n t e n t s  of t he t e s t  a�pou l e s  were t ra ns f e r r e d  t o  s q u a r e  

c uve t t e s  of l c m  l i gh t  p a t h  a n d  t h e  t r a n sm i s s i o n  read in t h e  sp e c t ro

p ho t om e t r a t  a wav e l eng th o f  6 4 0  nm . A s im i l a r  s e t  o f  ampo u l e s  \vas 

p r e pa r e d  by p i pe t t ing 50 )J l  vo l umes of an a l c oho l so l u t i o n ,  e q u iv a l e n t  to 

the amo un t  o f  a l c oho l c o n t a i ne d  i n  52 ml of b r e a th a t  the var i o u s  b lo o d  

a l c oho l l ev e l s ,  i n t o  t h e  d i chroma t e / su l phur i c  a c i d  s o l u t io n  a n d  the 

r eac t io n  a l l m1ed to p ro c e e d  to comp l e t i on . Tab l e s  2 . 5  and 2 . 6 show the 

mean p e r c e n t a ge t ransm i s s i o n  o f  5 t e s t s  a t  each a l coho l l ev e l . The 

c o nv e r s i o n  f rom t ra n sm i s s ion i n t o  b l ood a l c oho l l ev e l s  was mad e  b y  l i ne a r  
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TABLE 2 . 5  Re s u l t s  f rom amp o u l e s  p r e p a r e d  f r om s imu l a t e d  b r ea t h 

t e s t s  in t h e  B r e a t ha ly z e r  900A . 

Br e a t h  s t anda r d ,  mg / 1 0 0  ml b l o o d  1 00 2 0 0  300 

S p e c t r oph o t om0 t e r % t r a n smi s s ion , mean ( n  5 ) 5 5 . 8 6 1 . 4  6 6 . 0  

Conv e r s i on t o  b l oo d  a l c o ho l mg i l OO rn l 1 06 2 0 5  2 8 9 

S t a n d a r d  d e  v i . 1 t L L1 Il 20 . 6  2 9 . 3  2 6  

Co e f f i c i e n t  o r  var i a t i o n  Of 1 9 .  L1 1 4 . 3  9 . 0 lo 

Brea t h a ly z e r  9 00A r e a d in g ,  mean ( n 5 ) 1 0 3  1 9 7  2 8 5 

S t an d a r d  d ev i a t i o n  9 . 7  1 6 . 0 9 . 4  

Co e f f i c i e n t  o f  var i a t i o n  % 9 .  Ll 8 .  1 3 . 3  

TABLE 2 . 6  R e s ul t s  f r om a r1po u l e s  'H c p a r e ci  b y  p i p c t t i n g  5 0  lJ l 
a l c o ho l  int o t he d i c h r oma t e  s o l u t i o n . 

B r ea t h s t a n d a rd , mg / 1 00 m l  l.> L oocl 1 00 2 0 0  300 

S p c c t r o pho t o� e t c r  Of t r r. n s:;t i s e.;  i o 'l , ITll'<l l1 (n 5 )  56 . 0 6 1  . /1 6 6 . 3  lo 

C o nv e r s i o n  l o  b l ood a l c o h o l , ���g I too I"ol '3 9  2 0 6  � 9 5  

S t an d a r d  d e v i ·  t i o n  1 1 . 7 3 . 1  1 7 . 4 

C o e f f i c i e n t  f v a r i a t i o n  �� 1 2  0 1 . 5 5 . 9  

B r e a t ha ly z e r  9 00A r e a d i ng ,  mean ( n 5 ) 9 8 200 2 9 8  

S t a n d a r d  d e v ia t i o n  1 0 . 9  1 2 .  7 2 . 7  

Co e f f ic i e n t  o f  var i a t io n  % 1 0 . 9  6 .  '� 0 . 9  
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r e gr e s s io n  anal y s i s . Th e re s u l t s shoH tha t the B r ea t ha l y z e r gav e oo r e  

con s i s t e n t r ea d i ng s than t h e  s p e c  t r o p h o t omc· t t: r , b u t  t h e  s tandard 

d e v i a t ions w e r e  sma l le r  vl i lh d iilp o u l e s r r c· p a r e d  f rom a Lc oh o l  s o l u t i o n  

than f r om s imuLl t ed b r e a t h  t L• s t s  i n  t h e  B ro.2 <1 t lw h z e r . 

The r e  w e r e  no �aj o r  prob l ems w i t h e i t he r  of t h � B r e a t ha l y ze r s . 

The mod e l 9 00A b r ea t h c o l l e c t i o n  c y l i nd e r  r e q u i r ed wa s h i ng o u t  af t e r 

ex t e n s i v e  u s e  a s  r e c omme nd ed i n  t he ma i n t l' n .:l n c ,� m::m u.·1 L .  A t ra n s f o rm e r  

o f  the p r i n t e r  on t h e  mod l' l  1 000 b t.•c ar.I L' f .n ; l t y  b u t  d i d  no t p r ec l u d e· 

the u s e  o f  t h e  i ns t r ume n t f o r  b r t-.>i1 t h  t e s t s .  

A maj o r  d i sadva n t ag e  h7i th B r e a t ha l y z e r s  i s  t h e  u s e  o f  ampo u l .: s  

cont a i n i n g 50% s ul phur ic a c i d  wh ic h nee cl  t o  b e  t h i n- vm l l e d  s inc e they 

a r e , i n  e f f e c t , c uv e t t e s  in t he c v l o r ime t r i c  e s t ima t i o n .  A p o o r  

d e s i gn point i n  t he mod el 1 000 is the amp ou l e compa r tm e n t  wh ic h i s  

mad e  o f  a l um i n ium a nd ver: prone t o  a t ta r k  b y  sul phur i c  a c i d  i n  s p i t e 

o f  a p r o t e c t i ve c o a t o f  pa i n t . Th e c or r o �� l o n  S\ve l l i ngs o n  c o:npo r tm c n t  

wa l l s c a u s e  j ar1m i ng o f  t h e  ompo u l e s . T h t·v b e c ar!le s o  d i f f i c u l t t o  

r e l'lOV c ,  tha t o n  o c c a s i o ns , t h e  i n s t r um l ' n t  h a d  t o  b e  d i sm:l t t t l e d  t o  

r e l ea s e  eh ' ampouL�! a r1d c l Pd n  t lw c umpJ r t m P n t . 

R e s u l t s  o f  c o mpa r a t i v e b r cc-: t h  t e s t s  w i t h  f iv e  in s t r umen t s  c a r r i e d  

o u t  o n  c D n s e c u t iv e b r e iJ t h  sJmp l c s f r om t h e• s a m t• s ub j e c t A r e  g iv e n  i n  

Tab l e 2 .  7 a s  �1 r e r c e n t o ge o f  tlH' I n t o x i m e t 1! r  r e s u l t .  Fo r a s <.· c o ud 

s e r i e s  o f  t e s t s  u s i ng lw d i g i t a l  A l c o l r;v t l• r  ami a Fci S c hror.l;: t o ); n. p rl 

d e s c r ib ed i n  C h a p t er 3 ,  t h L  r �.: s u l t s  f r <1:n t hr e e  suhi cc L s  2 r l' c orr!) i n.cJ 

i n  a c o r r e l a t i o n  d i a g ram in F i gur L� 2 . ' .  '.-!h en t h e A l c o l m e t e r i n l e t "I.·J<J S  

a t t a c h d t o  t lH' g a s  1 : h r oma tograph i n l c  t s o  tha t  t h P  br ea t h  '"-':I S samp l e d  
s imu l t a n e o u s l y  b y  bo th i n s t r ume n t s . t h l' c \l r r e l a t i o n  b e t v.•ee n t h e  t \·JO 

r e s u l t s  1ve r e  w i t h i n ex pe r i me n t a l  to r r o r . Howev e r , when t h e A l c o l m e t e r 

t e s t 1va s mad e i n d e pendan t l y  o f  the ga s c h �· oma tograph , b u r  o n  t h e  

con s e c u t ive b r e a t h  samp l e ,  t h e  r e su l t s o f  t h e  A l c o lme t e r w e r e  

c o ns i s t en t l y  h i gh er a n d  w i th a w id er d eg r e e  o f  sc q t t e r . 

The s e  t e s t s  wer e mad e  w i t h a 20 m i nu t e  r ec overy pe r iod b e twee n 

e a c h  use o f  t he Alc olme t e r  s o  tha t a d e t er io r a t i o n  in c a l i b r a t io n  w a s  

no t apparen t .  \-/he n  t h e r e  \va s o n ly a 5 m i nu t e  i nt erva l b e n-Jeen t e s t s  o n  

o n e  s ub j e c t u s i ng t h e  s imu l t a neous samp l i ng t e c hnique d e s c r i b ed a b ov e , 

t h e  A l c o l me t er read i ng s d r o pp ed f rom 1 04 %  o f  t h e  ga s chr oma to gr a ph 
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TABLE 2 . 7 C ompar a t iv e  t e s t s  ----- on cons ec u t i v e  b r e a t h  samp l e s . 

The r e su l t s  a r e  expr e s s e d  a s  a per c e n t a g e  o f  t h e  I n t oxime t e r  re s u l t .  

A l c o l im i t er 1 

S UBJECT Te s t : - 1 2 3 I AV ERAGE 4 -·--

s - 3 4 - 5  9 2 
B 1 3  2 9  1 5  4 9  3 2 
J 6 1 5 1 3  5 2  3 3  
K - 6 -4 -- 1 1  - 9  - t o 
A - 3  3 - 5  6 0 
c 7 1 3  1 6 3 5  2 5  

A l c o l i m i t e r  2 -
s - 1 7  - 6 - 1 1  
B -4 0 - 2  
J 3 6 4 
K - 1 3 - 4 - 8 
A - 9 - ll -6 
c 4 1 2 

AE-M2 -----

s 9 1 1 5  2 8 B 2 0  1 0  2 9  1 5  2 2  
J -- 7 - 7  
K 2 3 4 7 5 
A - 2 3 4 - ll '· 1 1  - 1 5 
c: 1 0 8 2 0  1 9  20 

APST-M 1  

s - 1 4  - 2 0 - 1 7  
B - 1 0 - 1 0  J - 6  -· l l -8 K - 1 9  - 1 0 - 1 5 
A - 9  - 1 3 - 1 1  
c - 3  - 1 2 - 7  

B r e a t halyz e r  9 0 0A 

1 - 2 3 -19 - 1 2  - 2 0  -4 - 1 6 
2 - 7  6 - 2  - 8  - 9  - 4  
3 2 1  - 2 3 0 - 7  - 4 
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F IGURE 2 . 4  

C o r r e la t ions b e twee n b r e a t h  t � s t  r e s u l t s  ob tai n ed f rom a 
d i g i t a l  A l c o lme t er ana a ga s c h r oma tograph . A l c o lm e t er 
t e s t s  t aken 20 minu t e s  a par t .  

X S i mu l taneo u s  b r ea th samp l e  

0 Conse c u t ive b r e a t h samp l e  
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r e s u l t s t o  89% o v e r  1 4  t e s t s (Tab l e 2 . 8 )  s h ow i ng a s imi l a r l o s s  o f  

c a l ibra t i o n  f ou nd \v i  t h  s imu l a tor s t a nd a rd s . 

2 .  4 D I SC U S S ION AND CmlCLUS IONS 

A l tho ugh c ompa r i so n s  b e twe e n  b lo od a n d  b r e a t h  wer e  no t ma d �  i n  

t h i s s t ud y , some u s e f u l  i n f o rma t i o n  wa s ob t a i n ed c o n c e r n i n g  t h e  

d i f f e r e n t b r 0 3 t h  t e s t i ng i n s t r um� n t s . V u r i n t i o ns i n  b r ea t h  te s t  r e s u l t s  

b e twe e n  ma c h i n ' s  c a n  be a t t r ib u t ab l e  t n  t i L h e r t h e  e l e c t r i c a l a nd 

m e c ha n i c a l  o p e r a t i on o f  t h e  i n s t r ume n t "  o r  to t h e: f a c t o r s  i !lV o l v e d i n  

b r e a t h  sampl i n� r e l a ted t o  the phy � io l o g l c a l  f u nc t io n s i n  t hu s u b j � c t .  

F i r s t l y , c o ns i d e ra t i o n \ d l l b e  ma d L· o f  t h e  e l ec t r i · a l  a nd 

m e c h a n i c a l  o p er a t i on . T h e  Br L a t ha l v ze r F  have an ad v a n t age ov e r a l l  o f  

t h e  o t h e r  i n s t r ume n t s  i n  t ha t  th e c a l i b r a t i o n  i s  depend e n t on t h e  

vo l ume and c onc e n t r a t io n  o f  t h e  c on t e n t s  a n d  th e s i z e  o f  th e ampo ul e s , 

b o t h o f  wh i c h c an b e  s tandard i sed b v  t he manufac turers t hrough q ua l i t y 

c o n t r o l  p r oc ed u r e s . In ad d i t i o n . t h e  me c ha n i sm o f  t h e  B r ea t h a l y ze r  

i t s e l f  \.Jh i c h  t r a n s l a t e s  t h l'  movcl'w n t  t) f  llH.: l i gh t s o u r c e  b e tWC I ' TI  t h e  

pho t c e l l s  i:-� t u  b l ood a l c oh o l  l L'v e l o.;; i ;>  a V l' r y r e l iab l e  s y s t e!7l . 

P r ov _L d i n �� t i l t' ins t ru me n t s <� r e  p r op(•r l v  n . . t i n t a i n ed . t h •• v  �1a •: b L' u s ed rJ t 

a nv t i me \.;i t h  knmvn t o l e r <' m· c 1 i m i t s  o n  t h e d e g r e e  u f  t-• r r o r . r I� a 1 L 

t h e  o t h.:r i n s t r ume n t s  t e s t t'd . ("l l i b r a t i l• n  m a v  d e p l'nd o n  t h e  s r -H e  of 

the s e--n s o r , i t s a s s o c ia t e d am p l i l i c :J t i o n  c i r C' u i t r v  and t !l e  E- l ec t r i c a l  

s u p p l y .  :\ 1 1  a:n p l i f i e r s  t l s <> d  i 11 t h e s e  i n _  t r ur:1 e n t s a r e  s uh ; e c t r •  

v a r i a t i o n s  due t o  mov e m e n t  n r  t h • ·  c a l i h r n t i o q po t P r: t i om e t>.� r s  c a u s e d  by 

v i h ra t i f' n i r. t r a n s i t f ro•1 , n L' s 1 t L' t u  <J n o t h l'r , To l (l r <l !H' L'  l in; i t s  f o r  
b r ea t h t c s t o.;; i n  t h e s e  d e v i c e �  C' d tl  o n l v  il L' d L' t l' rm irlt..' d on :1 p r ob a b i  l itv 
b a s i s  f r om s t a nd a r d i s e d  t 1 • s t s  o n  m a tw i n s t r ur.1c n t s  ov e r a p e r i o d o f  L i me . 

l t  m i r.h t t l L' I1 b e  po s s i b l e  t o  q ua n t if y t h e  c h a n c e  o f  a r e s u l t b e in g  

o u t s id e  c e r t a i n  l im i t s  w i t h i n  a t i me per iod a f t er c a l i b ra t io n . S u c h 

p r ob ab i l i t y  m� L h o d s  m a y  no t h e  a c c e p t a h l l' i n  a c o ur t o f  l aw a nd i t  mu y 

be; n <�c e s sa r v  t o  ob t a i n a r e .:1 d i ng on a c; t n nda r d a l c o hol v a pour a t  t h e  

t i m� o f  a b r ea t h  t e s t . I t  i s  und e r s t ood tha t such a sys tem us i ng t h e  

A l c o lme ter f u e l  c e l l i s  und e r  d eve l op emc n t b y  I n t o x irue t e r  Inc . S uc h  

t e s t s ,  unl e s s comp l e t e l y  a u t oma t ed ,  ad d t ll t h e  c ompl ex i t y o f  the b r e a t h  

t e s t ing pro c ed ur e . 

A t  the p r e s e nt t ime , i t  \vo u l d a p pe,l r  f r om th e r e s u l t s in t h i s  

s t udy , tha t t h e r e  i s  a ma j o r  p r ob l em w i t h  v a r i a t ions i n  r e s u l t s b e t we e n  

in s t r umen t s  i nd e p end en t o f  changes in ca l i br a t i on val ues . Such 
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TABLE 2 . 8 Resul ts o f  s imul taneous b r ea t h  s :1Inp l e: s t a k e n  \·. i t lt 

a g a s  chroma tograph a nd t h L' d i g i ta l  A l c (1 lme t v r , mg/ 1 00 rnl . 

GC AE-!J l �: d i f f e r e nc e f rom GC ----- .. . 

' 8  7 1  l; 

7 7  8 1  5 

8 2  8L1 2 

8 2  8L. ..., '-

96 ')5 - 1  

9 ')  9 5  -.L, 

li {) <J l -- ) 

90 g c, - () 

9 3 8 0  - 5  

9 5  � 8  - 7  

R "  u s -' - 7 

9 3  8 l - ] ] 
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pr ob l ems a r e  c l ear l y a s so c ia t ed t� l  t h  b r ea th sampl i ng proc edut es . 

D u r i n g  the ex per imen t s , i t  'Yla s  no t ed tba t a l though we l l b r i e f e d  o n  

giv i ng a b r ea t h  t e s t ,  the a p p r o a c h  o f  e a c h s ubj ec t was d i f f e ren t .  For 

s ome , the b r ea th wa s b Ln .'n a s  v i �' u r o u � l \  a s  po s s i b l e  i n t o  the: i ns t r ument , 

wh i l e  o t h e r s barely  a t t a i ned t h e  m : n irn�m b r ea t h pr e s s u r e  r eq u i red tu 

o p era t e the ins t r umen t .  \.Jh i l e e ·1 c. h  ach i v v e d  t he m i  j mum b r e n th vo l ume , 

some w o u l d  grea t l y  exceed th j s  vo l urnl so t hJ t  th e b r e a t h t e s t s  c o u ld 

have b e en c a r r i ed o u t  on � x p l r a t i o n s  vn r v i n g b e tw e e n  0 . 5  a nd 2 . 0 l i t r e s . 

I t  i s  l ike l v  tha t a l c oh o l  c o nc e n t ra t i o n s  .:t r e  d epc. nd e n t o n  t h t  o:x p i r t.'d 

b r ea t h  vo l ume be f o r e  samp l i n g  a s  we l l  a �  o n  t id a l  a i r  e f f e c t s .  S uc h  a 

c o nc l u sion nav b e  d e d uc ed f r om t h e  C O!!l pa r ·t t :i.ve s t udy o f  b r ea t i 1  te s t i n .' 

ins trumen t s  u s i ng sub j ec t s  who h a d  b e e n  l r i nking a l c o ho l . I n  Tab l e  2 . 7  

i t can b e  s e2n t h a t some subj e c t s  gave t e s t  r e s u l t s w i c h  were c o n

s i s ten t ly l mv e r  y,• i th a par t ic u l a r  d t• \' :i c t· t r1 a n  the l n toxime t c: r , ye t a t  

t h e  s ame t ime , a n o tlwr S u ) j e c t 'ivo u ld i t :l V l '  '1-tigh t e s t  r e su l t s . I n  t h e  

c ompa r i son h e t'\·Jeen t h e  dig i t a l A l c o l me t t• r  a nc! a g a s  c h r omn t o g r a ph 

( F i g  2 . 4 )  t h e r l!  1va s a h igh dq,n e 0 f  c •.'r r<: J a tion h c· t' I\' C •..'! n t h e  L I·JO 
r e s u l t s  \·: lwn t i 1 e  saJTJ b r ,• a t h  1n ::; samp l v d I.Ji. t h  bo th  l n s t r umL n t s .  '1\h ,� n  

'.l s ep a r a t e  h r e:J t h  s amp ] t' \,,a ..- u s e d  f a �  t l .L  /\ l c n lr,L' t .:> r , t h e  c �· r r e l d t i •' t •  

showed n �.-: i cl .= r  d e grL · e o f  :. <' • t t e r  ; ne! <1 1 1  r l • <J J i n t>, s  \,·�r L  c cms ·i. s t l�n t J .;  

h i gh e r  t h a n  t h o s e  ob ta i ned f r om tl t t' g; s t' h r ot. a to g rilph . Tt e s L  h i gh e r  

r ead i ng s  rnn v b e  e x p J n i ne d  b v  d i f f e r e tw ,• s  i n  t• x p .i r ed  b r e a t h  vo l t tml . 

IH th t. ht' gz, ::;  c L r orr.a t o g r a fJ h , the D r ca t h  o; nn p l e  1.-J;J S ob ta i n ed <.l f t e r  dn 

.:> . · r i r ed c� i r \ O l ut�e o f  o n l' 1 i tl' L' ·1 s t' < ' l l  rr:1 i ;� l rl b y  ,• .i t l t e r  :1 '> p i r onc · �  r o r  

a one 1 i. t r c b a g . h''r :  < 1 1  t �' l' • l c P l i:lL' t c r \·.' · .  ; u s ed b y  i t  s c l f , t l w e -..; p i  r .. ·d  

a i r vo l lW. l d e p !.:' nd ed c• n the i n s t r u:nc n t  opL' r .:J tor  J ud g i ng t ! l' �  3 p p r o a c !J i n� 

<-'nd o f  t h e  e xp i  rn t ion ·e> e f  r> l" L  ma u u a l l  \' d <  t ua t .1 n g  t h e  S:=!mp l i ng rn e c h �" n i  srn . 

Th e d e s j g TJ o f  L h e  A l c o ] m e t c· r t ub e s  t.J J �� :-.U( 'h t ha t n l a r ge p o r t i (> Jl  o f  t h e  

l u n g  v o l umL' of  s m l'  2 - �1 1 i t r e s  -.' nu l d  b L' e x pe l l c· d  i n  a f ew s e c o nd s 

wh ich s ugge s t s  Lh a t l a r g e r  b r ea th vo l um�s w e r e  used w i t h t h e  A l c o lm� t e r  

b y  i t se l f than when c onnec t e d  t o  th e ga � c hroma t o gr a p h  i n take . W i t h 

t h  l a r g e r b r e a th vo l ume , i t  a p p e a r s  th a t  r h �  a l coho l c o n c e n t r a t io n  a l s o  

i nc r ea s e s .  S u c h  an inc r C'ase  has bt•cn shmvn by Jo nE' S  e t  a l  ( 1 9 7 4 )  i n  

F i gu r e  o f  t h e i r p � p e r . I t  h a s b e � n  im p l ic i t l y  a s sumed u n t i l  now t h a t 

t he c o nc e n t r a t i o n o f  a l c oho l i n  t he b r �a th i s  c o ns ta n t a f t e r  t h e  

exp ir a t io n  o f  th e t i rl a l  a i r . Hh i l e  i t  ·11a y b e  expec ted rha t t h e  a i r  i n  

t h e  a lv e o l i o f  t h e  l ungs c ome s i n t o  e q u i l i b r ium with the bl ood f rom the 

p u lmona r y  a r t e r y , t ida l a i r  i s  t h a t p o r t i o n  t ha t is r ec e n t ly inha l ed 
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a n d  oc c up i e s t h e  r e l a t iv e l y  large a ir s pa c e s  o f  the upper r e s p ira tory 

trac t h1here c om p l e te equi l ib r a t i o n  wou l d  b e  d i f f i c u l t t o  a c h i eve . Some 

manufac t ur e r s  of b r e a th t e s t i ng i n s t r umen t s  h::tv e a p peared to a s s ume 

tha t o n e  the t id a l  a i r  h1 s  been ex pi r e  1 ,  t::hc remn i n ing b r e a t h  h a s  a 

c o n s t a n t  a l c oh o l conc e n t r a t i o n  t hr o u gh o u t i l s volume . Qui t e  c l E·a r l y ,  

th i s  po int  l·l i l l have t o  b e  r e - ex am i ned a nd mud i f i c a t io n s  t o  t h e  d e s i gn 

o f  b re a th s .::rmp l i111), dev i c e s  ma de . Ano t hL' !. f a , · t r r  ;.l!J i c h mo v l av.: some 

b e a r i n g  o n  t he s e  c h a P gc• s in a l c oh o l  c ,) {lt' c' t ll J' :l t i c n  i .n i.CX ;J i r L d  b r e ::1 t h  i s  
t he e f f e c t o f  t em�'·:> rA t u r e  B u r ger '' t :1 1 ( l 9 5ti )  havi..' sL m·:'1 a n  

ao proxima t e l . S�� c h .t n g •.: i n  a l r· o h o l  c on c L' n t r a t i o il i n  v . l fhl u r s  i o r  eve r y  

d e g r e e  c e n t i g r a d e  change i n  t cmpcra t u r l' wlt i l c  D ub o  s k i  ( 1 9 7 4 b )  has 
show n tha t b r ea th t e mp e r a t ur e  inc r e a s e s w i th e x p i r a t i o n  vo l ume . I n  
v iew o f  t h e se f ac t o r s  i t  was d ec i d ed to c a r r y  o u t  f u r th e r  i n ve s t i ga t i ons 

on the e f f ec t s o f  vo l ume and t emp er a t u r e on the a l coho l c o nc en t r a t i o n 

i n  the b r ea th be f o r e  embark i ng on f ur t he r  s t ud i eR o f  a l c oh o l me tabo l i sm 

u s i n g  b r ea th te s t s  to d e t e rm i ne b l o o d  a l c � h o l  l evel s .  



CHAPTER 3 BREATH ALCOHOL ��ALYSIS  

3 . 0 INTRODUCTION 

3 1  

The r e s ul t s f r om t h e comparat ive s t udy o f  va r i o us b r e a th- t e s t i n g  

i n s t r ume n t s , d e s c r ibed i n  Cha p te r  2 ,  sugge s t�d t h a t i t  coul d b e  wor t h

wh i l e  to s tudv i n  mu r e d e t a i l  t h e  f a c t o r s  i 11 f l ucnc ing the c o n c en t r a t i on 

o f  a l c oho l in b r e a t h . To s tu d y  J i f f e r �n t f ac t o r s , i t  �a s c � n s i d e r ed 
t h a t there may b e  adv a n t a g e s  i n  mea su r in g  the  v o l ume , p r e s sure a n d  r a te 

o f  f l m.; o f  exp i r ed b r e a t h  t oge ther vJi t h  a c c u r a t e  ana l v s e s  o f  <l l c o ho l 

c o n c e n t r 3 t io n s  a t  a n y  t i:ltc d ur i ng an vxh a Lt t i. on . Since  b reath  temp

e r a t u re s c a n  inf l uenc e h r � a t h  a l coho l c o n c L n t r a t ion s , i t  was e s sen t i a l  

to  record  these tempe ra t ure s d u r i ng exha l a t i ons . Ob serva t ions 

ob tained w i t h  t h e  Al c o l imi t e r s u gge s t ed t h a t  t here were p h y s io l o g i c a l  

f l uc t ua t ions i n  b r ea th a l c oho l J eve l s  O L c u r r i n g  ove r  a p e r i od o f  

s ever a l  mi nu t e s . Ac c o rd i ng l y , i t  wa s de c i d ed tha t t h e  measuremen t s  o f  

a l c oho l concen tra tion shou ld b e  made \.Ji t h i n  v e r y  sho r t t i me i n t e r va l s . 

3 .  1 

3 .  l .  l 

'1'1ETHODS 

The r a p i d , r e p e a t P d mc .:t s u r �"ilL'n U �  L' f d ] c ,Jh o l  i n  b r c o th s.1mp l c s  

h' L' r e  a c h i e v l' J  b \· ma k i ng mod i f i ct t i on s  t c;  d �; t a nd <n d gas c h r m:I3 L o g r a p h , 

mocle: l AGC 2 1 1  rna n u f a c t u r c· d  b y  C �l r l L' I n s t r ume n t s I nc , U . S . A .  ( F i gu r e 3 . 1 ) . 

Tl1L� b a s i c  i n s t r umen t , ( d i r1..: n s l o n s  1 80 x 4 ) 0  x t1 S O  mm) co n t a i ne d  t w o  

c o l umns l ea d i n g  t o  a s i n g l e  f L l llil� :i on i ';a t i on d c• t e c t o r . The �_ ] i' C t r o n i c  

1 0 0 x 1 00 !"m ) . 1\. s o - l· a l l cd ' m i n i  vo l unw ' v a l V L' ( C a r l e  I n c . )  c o n t <� i n i n g 

<1 l . O m 1  s amp l e  l onp Has f i t t E: d  j_ n t o  t h( C (l } umn ove n . B L• c a u s e  na r r cl\v 

p n s sa ge1,rays in  ttw va lVL' r e s t r i c t ed f l o1.J , i t  \vas no t po s s i b l l' t o  exha l e  

f r ee l y  through t h e  va l ve . A c c or d i ng l y , b r e a t h  sampl e s  we r e c a jl t u r ed by 

b l ow i n g  t l 1 r o u gh .:1 4mm i n t e r n a l  d i ame t c t· c o? p e r  T n i e c e  \·:i t h  o n e  .1 rm 

c o nne c t e d  to the va lve i n l e t  and the o th e r  ven t i ng to the < Hli10 S flh e r e . 

By v a ry i ng the r e s t r i c t i on t o  f l m-1 o n  t h e  ven t a r m ,  i t  v1as  pos s ib l e  to  

b yp a s s  mor e o r  l e s s  b r e a t h  th r o ugh t h e  v a l v e . An exha l a t i on r a te o f  

1 2  l i tr e s / m i nu t e a t  a p r e s su r e  of 3 0  mm H g  r e s u l te d  i n  a f l nw t hrough 
t h e  l oo p o f  1 0  ml / s e c o nd ; a t  6 l i t n ' s / minut l' and a p r e s s u r e  o f  l Omm 

H g , a l oop f l 01,• o f  10 m l  i n  4 se c ond s  \v!l S  ob t a i n e d . F rom t h e s e  f i g u r e s , 

i t  i s  app ar en t t h a t t h e  samp l e  l oo p  wa s f l ush ed a t  a h i gh ra t e und e r  

n o rma l exh a l a t i o n s  \vi t h o u t  i n c r e a s i n g  t h e  b r ea th p r e s s u r e  b eyond 30 mm 

Hg . 
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Figure 3 . 1  

A p lan v iew o f  the mod i f i ed Car l e  gas chroma togr aph to show 
the int r io r . Th e  l ower c o i l  i s  a 2 me ter c o lumn operat ing f rom 
the righ t hand i nj e c tor and the upper hal f-l o op is the 1 50 nm 
tef lon c o lumn conn e c t ed to the lef t-hand inj ec tor via the 
gas samp l ing valv e . The breath inle t ,  ( l ow e r  r igh t )  shows 
the cop p er T piece w i th i t s  conn e c t ion to the sp irome ter 
and a t tached is the perspex b lock con taining the b reath 
t empera t u re thermi s tor . 
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The arm o f  the  T a t t ached t o  the samp l e  valve wi t h i n  the oven 

transni t ted hea t t o  the o t h e r  two arms proj e c t ing ou t s id L  the 

ins trume n t  and preve n t e d  condensa t i on o f  wa t e r vapour f r om the  b r ea th . 

Hhere a t herm i s t o r  uas used t o  �(-'asure h r e a  th tempera tu  r e  a t  thl� poi n t 

o f  en t ry i n t o  t h e  va lve , th e hea t e d  a rm h e l p ed ma i n ta i n  t h e  thermi s tor 

amb ien t tempera ture b e tween 25 and 2 9° . In th� ' purge ' p o s i t io n o f  the  
valve , b r ea th f 1 C•i,,ed through t h e  loop i·.' h i  l c c a r r  h ·r gas p a s s e d  t h r o ugh 

the gas chrm'la t ograph r.: o l limn i n  the nt' n:l.:l l ma nne r . On sw i t c h i ng to 

' inj ec t ' , the J o o p  i� a s  c o nne c t e d  in t o  the car r i e r  gas f l m·J th u s 
ap p l y ing i t s conten t s  to t h e  h e a d  o (  the c o l umn . 

Ra pid a r,a l y ses ive re made \vi th a co l umn made o f  ' Te f l o n ' 2 0 0rnm long 

and l . Snun in te rna l d iame ter . I t  vla s f i l l ed \vi th Porapak Q ( \ la t e r s  

Assoc i a t e s I n c . , U . S . A . ) a n d  had a c a r r i e r  g a s  f lmv o f  3 0  m l /  mi n u te . 

A one me tre by 2mm in t erna l  d i ame t e r  co l umn a ls o  c o n t a i n ing P o r n pak Q 

wa s p la c ed i n  the  s econd p os i t i o n and u sed for b lood a l coho l 
es t ima t i ons by the head s p a c e  me thod . Th e c a r r j e r  ga s �·a s  a 1'1 i x tur.;:> o f  

h y d r ogen a nd n i t ro g e n  i n  t h e  op t ima ] r a t i o f o r  t h e  de tec t o r o f /, :  6 
and sup p l j ed f r o m  a s i ng l e < y U nd e r \:i t h  h· s s  til <  .. n u m• pa r t p e r  m i l l i on 

o f  o r ga n i c  c on t am in a t i on . ( !• . z .  l nd us t r i. a l G;H; t• s ) . Th e f l ilm� i on i s a t i o n  

d e t e c t o r  r ec e i v e d thl' g a s  f l ows f rom b o t h  c o l u-nns a t  a comb ined op t ima l 

ga s f l mv r a t .._  o f  6 0  m l / rn i 'lu te . A t y p i c a  1 c hr oma t ogr am o f  a s i t'lu l a t ed 

b r ea th samp l e c o r r e s pond i n g t o  a b lood a l c o h o l l e ve l  o f  2 0 0�g / l 00m l i s  
shown i n  f i g u r e  3 . 2 .  Th L' rc u·n t i ou t irw f o t· 1 l coh o l ivas  l ,)  .-; l: c ond -; 

and ace tone . i f  p l e scn t i n  � u f f i c ic n t co r<· ent r a t ion , iv<' s  a s h o u l de r  on 

t hL de c l i n i 'l g  ,d cohol s l ope.· a t:  ! l  se c o nd s . Base l i ne r e c o v c• r y  t..Ja s r 1 p i d  

a n d  t h e  i n s t r umP n t  \.;Ct s read y f o r  a f u r th er a n a lys i s  i n  3 0  s e c o nd s . 
2 

A t  th e u s u a l e l e c trome t e r s e t t i n g s  H i t h  the r a nge a t  1 0  and t h e  

a t t en u a t o r  a t  x l. 6 , Ha ter v apour and a c v t a l dehyde t..Jcre no t d e t e c t ed . 

Innned i a te l y  on  S\v i t ch ing the samp le  v a l v e , a reversed peak \.Ja S  r P c o rded 

correspond i ng to the p r e s s ure d r op in  th e c o l umn and thi s v7a s  f o l l mved 

3 seconds l a t e r  by a l arger reversed peak probab ly due to  coo l i ng o f  

t he f l ame b v  the wa t e r  vapour j n  th e samp l e .  The concen t r a t i on o f  

a l c oh o l  i n  a s amp l e  was c a l cu l a t ed f rom p r ior c a l i b r a t ion o f  peak 

h e i gh t s  on  the char t recorder . 

3 . l .  2 A l coho l measuremen t in v i t r o  

The e f f e c t  o f  any d e l ay i n  swi t c h i n� t h e  valve to  i nj e c t the 
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Al cohol and a c e tone peaks ob t a i ned with the Car l e  gas c hroma tograph 
equiva lent to 200 mg a l c ohol and 1 2  mg ac e tone I l O O  ml b lood . 
char t s p eed a t  6 cm/minu t e . 
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s am? l e o n  t o  t h e  g a s  c h r oma togr aph v:as e xamined by c om p a r ing s amp l e s  

mvi tc h e d  i mmed ia te l y a nd a f t e r a d Q ] a y o f  5 s e c ond s . ThP r e  w e r e  no 

d i f f e r en c e s  b e tw e e n  th e means a n d  s t and a r d  d e v i a t i o n s  f r om b o t n  

p r o c e d ur e s . P e r f o rma n c e  \,·a s c h ecked b y  ten t e s t s a t  e a c h  o f  f o u r  

s imu l a t o r l eve l s  f r om 0 . ::: 4 3  t o  1 . 82 4  g / 1 i t re ( Tah l t� 1 . 1 ) .  P e a l: he i gh ts 

\v e r e  conver t e d  t o  a l c o h o l  c o n c e n t ra t i o n s  �1 f t c· r l i n t ' a r  r e gr c . , s i on 

ana l y s i s  of the 40 rP su l t "'- o n  the expe c t t:o L1  a l c oh o J  c o n c e n t r <'. t i o n s  :i !1 

the v a p o u r  p h a s e  f r or. t h e  s imu l a t o r  a t  3 4° <lnd no s i gn i f i c a n t  

d e p a r t u r e  f r o m  l in ear i ty v.a s  t; e e n  O V L' t- th t� r a n g e  cov e r e d . 

The h i g h d e gr e e  o f  r e p r odudb i l i t y ( Tab l e  3 . 2 ) and r a p i d i l y  o f  

a na l y s i s �ad 0 th i s mod i f i e d  g a s  c h r oma t og r aplt i d c a l l v  s u i t e d  f o r  t h e  

inve s t i ga t i o n s  t o  f o l low . 

3 . 1 .  3 Pa r t i t i o n  c o e f f i c i en t s  

S tand a r d  a l c oho l vapou r s  we r e  ob t a i ned f rom a S t e phe n s u n s imu l a tor 

a s  d e s c r i b e d i n  Cha p t e r 2 .  The C O J l C e n t r a t i on of a l c oh o l i n  t h e  a i r  

f r om t h e  s l� u l a t o r  can b e  c a l c u la ted f r om t h e  o a r t 1 t i o n  c oe f f i c i e n t : 

K t 
wc igh t  o f  a l c oh o l  n c r  u n i  l voJ-..t tm_��� 
IJt • i gh t  o f  a J coho l p e r  un i t  v u l ur.k. of '.Vc t c c  

I·Jhe r e  t L ;  t h e  c. empc r a t u r c  v f  e q u i l i b r a t i o n . The .: oe f f i c i en t s f o r  a 

w i d e r a ng , ·  o f  t t'mp t' r n t un ' s , b u t no t J L, o , h av e  b e e n  de t e r m i n < · <.l h v  

H a r ge r  e t  <! l ( J 9 5 0b ) :md t h e !:i t:: p r u d u c e  a · u p; i l i n ea r r e g r c s ,� i on o f  iZ 

on t .  Th i s  d :1 t 1 \va s  r e c t:i f i P d lw l oga r i ,_ lu; i \: t r :m •-; f o rr-;a U on o r  
- 6  0 1� a nd a v;: l ue o i"  39 3  x ] 0  Hd S C' b l J i rl c r l  f o r  j 4  f r oPl t ! 1 v  J L· . h l 

S (j ua r e s  f i t c f  l"ll t:' L r an s f o rm-d d J Ll ,  ( F t l ' t . rc 3 . ] ) . Jo n v s , r : 9 7 4 )  
f o und a v a l u e  C•f '3 9 1 x 1 0- 6  u s L n g  a � a s  t· h r moa togr<lp h i c m2 t h o d . The 
c oc f f i c i P'l t s hou s t h a t  \,'hl' n 1:a t c r  c o n t a i n � I g r am o f  a l c o h o l p e r  l i t r e 

0 
a t  3 Lt , t he a i r  in eq u i l i b r i u m  \v i t h  tli .I t \-la t e r  11 i l l  c o n t <d n '3 9 3  w �  
a l c oh o l  p e r  l i t r e .  

The p u r t i t i on c o e f f i c i e n t  f o r  a i r ov c• r  b l o od or p l a sma u a s  

d e t e rmin e d \vi t h  t h e  Car l e  g a s  c h roma t o g r a ph b y  t h e  f o l l m,1i ng me thod . 

Ery thr o c y t e s  w e r e  s e pa r a t e d  f rom t h e  p l a sma o f  o u t d a t e d  b l o o d  

do na t ed f o r  t r a n s f us i on p urpo se s ( 2  weeks o ld ) . To SOOm l o f  b l o od , 

p la sma o r  \¥a t e r  \v a s  added l Om l  o f  the s t a n d a r d  6 0 . 8  g / l i t r c  a l coho l 

so l u t i on to ma ke t h r ee so l u t io n s  o f  i d e n t i c a l  a lc oho l c o ncen t r a t i on 

o f  1 . 2 1 6 g /  l i t r e . No ha emo l y s i s  o c c u r r e d  in the b l o o d  wh e n  the 

a l c oh o l  was a d d ed s l owl y \v i th s t i r r i ng . T\.10 d r o p s o f  an t i- f oam A 



TABLE 3 . 1 The a l c ohol c onc e n t ra t i o n o f  s imu l ato r  s o l u t i o n s  

and t h e  r e su l t i ng peak he i gh t s  o f  g a s  chr oma t o g r a p h i c  a na l y s i s 

o f  t h e  vapour p h a s e s . 

3 6  

------· -·--------------

V o l ume o f  s t a nd a rd 6 0 . 8 g / 1 
a l c oh o l  d il u t e d  t o  5 0 0  m l  2 5 1 0  1 5  
in t h e  s imu la t o r  (nl ) 

Al c o h ol c o nce n r. r a t i o n i n  t h C'  •) I -, . 6 0 8  l .  :� l 6  1 .  8 2 4  pha s e  g . l . � "� _) 
aqu e o u s  

·-----·�--- ---------

P eak h e i ght s i n  mm , mean 2 3 . 8  5 9 . 0  1 2 2 . 2  : 8 4 . 7  

s . d .  0 .  1 6  7 0 . 2 7 5  0 . 6 3 2  1 .  0 5 9  

C . V . %  0 .  7 0 . 5  0 . 5  0 . 6  

TABLE 3 . 2  The r a n ge of  a l coho l c o n c e n t r a t i o n s  i n  t h e  v a p o u r  

phase f ro m  s i n:u 1 a t o r  so l u t ions . Ca l c u l :1 tt•d f rom t h e  d a t a  s urnr:w r i s c.: d  

i n  Tab l e  3 . 1 

A l c o h o l  c oncLn t ra t io n  i n  t h i..' Q C  2 '3 8 4 7 8  7 1  7 
p h a s e  JJ g / l i tr e  - J v a p o u r  

---------· --

min iml!m � s t i ma t c  u g /li. t re 9 8  2 3 2  4 7 1 7 1 2  

r:J.::t x imum e s t ima t e  JJ g /  l i t  n· 99 2 3 6  4 7 8 7 ·) / - -
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F i g u r e  3 . 3  

A p l o t  o f  t ho= l o ga r i thmi c t r ans f o rma t i o n  o f  pa r t i t ioP c o e f f i c i en t s  
f o r  a l c oh o l  b e twe e n  a i r  u nd wa t e r  a t  v a r ious t emp er a t u r e s . D a t a  
f r om H a r g er e t  a l  ( 1 9 5 0b ) , ; a nd J o n e s  ( 1 9 7 4 ) , o 

3 7  
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c o ncen t r a t e  ( S igma ) were ad ded to ea c h s o l u t io n  t o  pr e v e n t  f r o t h i ng . 

The s i mula t o r  o u t l e t  wa s t h e n  a t t ac h 0 d  to t h e  gas c h r oma tograph and a 

s t eady s t r eam o f  b r e a t h  b l own t hr o ugh i t  f o r  a t  l ea s t  5 s ec o nd s b e f o r e  
ac t iv a t ing t h e  samp l i ng v a l v e . 

A l c oho l c onc en tra t i Pns i n  e a c h  c, f t h e  vapour s f r om t h e t h c e e  

so l u t ions \.Je r e  d e termint'd f r  m t h e  p e a k  h e i g h t s  from a t  l eas t  f ive 
e s t ima t i ons \J i th each s o l u t i o n .  T h e:. :l l ood \.Ja s  t h e n d i 1 u t.rd vJ i t h t h r� 
plasf'la t o  g i v l! t'#O ] Oh'er ha C'mo t o c r .i t V<. l u e s  a nd .:..� l c obo l conc e n tra t i o n s  

i n  t h e  vapo ur phase  d c> t  r m i neJ , ( Ta b l e  3 .  3)  . 

Th e haema tocr· i t  o f  t he b l ood \vas d e t L' r mi ned v: i. th a m i c ro- haema t o c r i t  

cen t r i f u g e  b y  s t a ndard proc e d 1 I r t> s ,  ( Da c iL� and L ew is , 1 9 7 '> )  and the 

wat e r  c o n t en t s of b l ood a nd p l a sma bv w e i gh t d i f f e r ence a f t er d r y i n g 

ov er s u l phu r i c  acid , ( F i gure 3 . 4 ) . 1h( wd t e r  c o n t e n t  o r  b lo od showed 

a n ega t ive c o r r e la t i o n  w i th the haema t oc r i t ,  ( r  = 1 . 00 0 )  a nd in th� 

rang e of b l ood sampl ' S  s t ud i ed c ou l d  b e.• v ,! l c u ] a t�d f rom the r e g r l: s s j o i  

f o rm u l a : -

% \,•;l[ e r  i n  the b l ood = 9 2 . !, - 2 7 . :) x L l w  h a e JKl t o c r i t v a  l i H: 

'.!h e c c., JK L' l L r <J t io n  ol a l v o lw l i n  t lh v :I J>U ll r  pha s e  f nw1 th e aq u l! o u s  

s o l u t i o n  C.l l l  b e:  l:a l c u l a t L•d  f rom t.ltc.· rn r t i t i o n  t: u l'  f i c i e n t"  o f  Ha r g e r  

( 1 9 5 0b ) : -

c o nc e n tra t i o n  o f  u h oho l I u n i t vu l u m L ·  p f  iH ] I le o u s  �)ha s e  ;.; pa r t i t i o n 

c oe f f i c i e n t  
i-) - [) or 1 . � 1 6  g / l i t n• :--; 3 9 3 :.: 1 '1 � 4 7 9  x 1 0  g / 1 .  

As t h e a l c oho l c o nc 2 n t r a t i o n in t h e· v a rour p h a s e  i s  r r  > r n r t i o na l  t c  

p eak hei gh t  a nd t he a l c o h o l  c o nc en t r a t i o n s  i n  wa te r ,  � l a sffia a nd b l ooJ 

s a mp l es a r e  id t' n t i c a l ,  p o2ak h e i gh t s c a n  h e  d i r e c t l y r e l c, t t:d to par t i t i o n  

c oe f f ic ien t s  t a k i n g t h e  m e a n  p e a k he i g h t  o f  the  30 es t i mati o ns o n  t h e  
- t') 

a q u e o u s  samp l e  e q u iva l en t  t o 3 9 3  x 1 0  . The par t i t i o n coe f f i c i e nts 

f o r  the p l asma and b lood sam p l es wer e c a l c ulat ed f r om t h e  mean peak 

he i gh t ra t i o s  ( Tab le 3 . 4 ) . Th e m ean pa r t i t i on c o e f f i c i e n t  for b l ood 

\v i th an ave rage haema to c r j_ t  va l u e  of 0 . 4 5  \vas 4 6 1 x 1 0- 6 
\ih ich i s  c l ose 

--6 
t o  t h e  mean v a l ue for ma l es o f  4 6 2  x 1 0  r e p o r t ed b y  Jone s ( 1 9 7 4 )  and 

·- 6 
4 8 6  x 1 0  r epo r t ed b y  Har ger ( 1 9 5 0 b ) . When t h e  par t i t i o n c o� f f i c i c n ts 

were p lo t t e d aga ins t  the wat er c on t en t s  o f  t h e  samp les . ther e  a p peared 

t o  be a l i near re lat ions h i p  and s t a t is t i c a l a na ly s i s  g av e  a regress ion 



TABLE 3 . 3  
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Alcoho l  p e a k  h e i gh t s  ob t a i ned f rom gas chroma t o g r a ph i c  

a na l y s i s  o f  the vapo ur pha ses f r om :1 l coho l c oncen t r a t i o n s  in the 

simu l a to r  o f  1 . 2 1 6  g / l i t r e  o f  wa t e r .  p l a sma and b lood 2 t  t h r e e  

d i f f e r e n t  haema t o c r i t s .  

------··-----·--------

B l ood Haenw toe r i t :  
\·!a t e r  P l a s:na 

------
--- ---- O . :Z. 'J 0 . 4 5  0 . 6 5  

---------· - -----

n 30 1 0  r 5 5 ) 

mea n 140 . 6  1 50 . 9  1 5 8 . 3  1 6 4 . Y  1 7 5 .  11 

s . d .  3 . 5 2 . 8  1 . 9 2 . 9  2 . 1  

C . V . %  2 . 5  1 . 9 1 . 2  1 . 8 1 . 2 
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F i gu r e  3 . 4  

A p l o t  o f  the wa t er con ten t o f  b l ood aga i n s t  haema to c r i t  



TABLE 3 . 4 Par t i t i on c o e f f i c i e n t s  f o r  a l c ohol be twt c n  a i r  a nd 

wa t er , p l a sma and b l ood a t  t h r e e  haerna l u c r i t  v a l ue s . 

He a n  X 

minimum 

maximum 

P l a " ma 
B l ood h a ema t o c r i t : -

. 2 5  . 4 5 . 6 5 
----- -- ----------------· ---- - ----- - -

1 0-6 
3 9 J  4 2 2  !1 4 2 4 (J l 4 9 0  

4 1 0 4 3 3 4 4 7  4 8 3  

4 30 /. 4 7 4 6 6  !· 9 7  

-- ---� 
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c o e f f i c i e n t  o f  ·- 3 . 6 2 and a n  i n t e r c e pt 0 1  7 5 6 , (F i gur e :3 . 5 ) . Th i s  

l i nea r reg - es s i o n  s ugg e st ·d t h a t t h e  a mo u n t  of a l coho l i n  t h e  va pour 

pha s e  i s  i nv er s e l v p r opor t iona l r o  t he \''<l t e r  c o n t e n t  o f  th e m e d ium 

a nd that  t h e r e  a r e  no a pnar e n t  c el l , s a l t  or l i p i d  i n t e r a c t i o n s . 

Th e wa t e r c o nt e n t s  w i th i n  t h� n0r 1 � l  r a n ge s  o f  ha ema t o c r i t  v a l u �s 
f o r  r.1a l e s  a nd f e·ns l c• s  a!'d t h e pz. r t i t  -: l' n  ..:: oe f f i c i E. n t s  '.h' rt:� c n l c u l .::� t e.J 
f r om the a p p r o pr � :! t 0  l' L' � r c s s i o n f Pr :i' l l L ! t . ( Tab l e  '3 . 5 )  Th(' 
r e c i proca l s o f  t h e  pa r t i t i o n c o c f t i t  i (' n t s  a r �  the d i s t r ib u t i � n  r a t i o s  

\,,h i c h  g iv e  t h e  v o l un c  o f  :t ir c o n t a i n i n g t h .:.. .";amc· amo u n t  (.1 [ R l c t> ho l  a s  
p r e s e n t  i n  l m l  o f  t h e  a q ueous pha s e , ( T.l h l v  3 . 5 ) .  

3 . 1 . 4 Respi r a t i on m e a su r emen r s  

B r e a t h  vo l um es w ere mea s ur ed i n  a s p i r o m  t er a t t a c h ed t o  the 
b r ea t h  bypa s s  t ub e  o n  the ga s c h rom.:.1 t O �\ r ;1 p h  ( F i g u r e  3 . 6 ) A 

m e r c ury manome r , ·r �va s  i n t  : r po s e J  b P t�.JL't' n  d V<< r iab l c  r l  s t r i c t i o n  o n  t h e 
by!)a s s  l ine a n d  t h e  b r ea t h  in l - t po u t  t o  mo n i t o r  b rt-' . lh p r ._: s s u r e . 
B rc· a th t er1p c r a c- ur e s  \'(!T l r l.:' c o r d e :l  f r c':l t h e :Jl�;> l i f i cd l ) t , t p u t o f  o gl a s s 

b e ad t h ermi s r o r }J aving a r c s po n s l  t ·i 'l l<' c· f 0 . 1  s e <" o nJ s .  Th t.: � en d  
:' r u j .:: c t ed i •1 t c  ·� -1 ::t i r  tl !;:. rliH, l  f, r-1r1 d icn t.: t L' r· c u t  in t o ,, p er s p e :{ b ] oc k  

\Jh i c h  f i t t �::d c' ll t o  t h e  T l 1 : L e t .  Th v t h l r ra i o-> t o r  l vi'l p e r a t u r c  \·Ja s 

t;-ra i. n t a i n ed b e U• • • e n  � 5 - .' lJ <.' . A pn ] v • h t · tw T'l<) u t h p i E C <' :ZO mn l o nf. . '" h ic h  

Ha s f i t t e'l i n t o  the i n l e t  o f  r h c  b l t"'d , c:· n s u r ed t h a t t em p e r 3 t u r e s  

\vc r e  mea s u r e d  a s  c l o s t• t P  t h e  I"O u t b  1 :; p( l s s i h  l e . 

3 . 1  . 5 

S i x  vo l un t c' '  . . r s  \·ll' Y l' <I i v ,· :l a l c o ! t u l , ,, •.•od ka d i l u t e r! a d  l i b i t u m 

� i th l emona d e  u t  d o s l' s  o f  0 . �  o r  l . O g/�g h o d �  w e i g h t  a f te r .:.1 l i gh t 

l un c !1 . The s ub j e c t s  c o n s um ed th e a l c CJ !\0 1 o v e r  a 2 0 - 30 m i n u t e  p e r i o d . 

For t h e  b r e a t h  t e s t s ,  t lw  subj ec t s  wvr e c1 sked to  :nake a no rma l 

j n s p i r a t i on , h o l d  the b r ea t h  f o r  2 s e c 0 nd s and t h e n  b l ow o u t t h r o ugh 

the mo u t h p i c c (' of th� ga 3 c h r oma r o g r a p l , mn i n t ai n i ng a p r e s s u r e  o n  
t h e  ma nome t er a t  1 0  mm H g. Th e s am pl in g va l v L' wa s o p e r a t ed a f t e r  t h e  

p a s s ag e o f  t h e  r e q u i red vo l ume o f  a i r . A s et s eq uence of t e s t <.;  wa s 

a d hered to a t  v a r i o u s  i n t e rva l s  a f t � r  J r i nk i ng . Th e s ub j ec t s we re 

r e q u i r e d  t o  m ake 6 ex p ir a t io ns in t o th e a p p a r a tus 1 - 2 m i n u t e s  a pa r t . 

Th e a l c oh o l  c o nc e n t r a t i on i n  the f i r s t  b r e3 th samp l e wa s m ea s u r ed a f te r  

t h e  expi ra t io n  o f  2 5 0  m l  o f  a i r  a nd s u c c ..: s s i ve b rea t h  samp l e s  a f t e r  

500 , 7 5 0 ,  1 000 , 1 5 00 and 2 0 0 0  m l  o f  a i r .  
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F i gur e 3 . 5 

A p 1 o t  o f  t h e  p ar t i t ion c o e f f i c :i e n t ::; f o r  a l c o l to l  b e t\.Jeen a i r  and b lood , 
p l a sma and w a t e r  a t  34° aga ins l t he \.Ja t e r  c o n t en t . 
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TABLE 3 . 5  T h e  c a l c u l a t ed v a l u�s <l f wn t e r  c o n t e n t s , a l coho l 

p a r t i t i o n  c oe f f i c i e n t s  and d i s t r i bu t i , n r a t i o s  f o r  b lood w i t h  a 

no rma l range o f  haema t o c r i t . 

Ha ema to c r i t  

ma l es ma x . 5 4 

mean . 4 7 

m i n  . 4 0 

f �:e ma 1 c s  rnax . 4 7 

!:1�'<1 11 . '• 2 

m i n  ") 7 

7 9 . J  

7 7 . )  

8 1 . L1 

7 7 . '5 

80 . P.  

f- 2  . •  

-- --- - - - - -- -- -----

I '  1 r t i  t i o n c o e f  I 
X 1 0- 6 

D i s t 1 i b u t: io n  
ra t i o  

--------------------

4 7 5  2 L 05 

t, 6 8  2 1 3 7  

46 1 2 1 6 9 

<'1 6 8  2 1 3 7 

i. f; 1 2 1 60 

4 J8 2 1 8 3 



F igur e  3 . 6  

The mod i f i e d  g a s  chr oma tog raph wi th a s p i r ome t e r , 
mer c ur y  manome ter and c har t r e c order . 

4 5  
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3 .  2 .  1 .  B r ea t h  t empe r a t ur e  

T n e  t empera t ur e s  o f  t he b r ea t h t a k 0 n  s im u l a taneo u s l y  w i t l1 t he 

s amp l e  for a lc ohol m e a s u r e m e n t  w e r e p r o g r e s s i v e l v  h i ghe r as t h e  

e xp i ra t i on vo l ume i nc r ea s e d  ( Tab l e  3 . 6 ) a n d  th e t e n d a n c v  f o r  t h e  me a n 

t e mp er a t ur e  t o  i nc r ea s e , a l tho ugh sma l l ,  a p p e a r e d  t o  b e  co ns ta n t 

t h r o ugho u t  a n  t.! X p i r a t i o n  r a t h e r t :Oan to p l <1 t e a. u  a f t e r  a con s t a n t  

vo l ume o f  b r e a th had b een exh a l ed ( F i g� r e  1 . 7 ) . The i n i t ia l  b r ea th 

t e mp e r a t ur e no d o ub t ,  re f l e c ted amb i e n t  t empera ture so th at i f  t he 

r o om t empera t ur e  w a s  low ,  t h e n  t hP r a t e  o f  tempe r a t ure i nc r e a se was 

hi gh . A d e c r e a s e  in s t andard d e v ia t ion as t h e  brea t h  vo l ume i n c r ease d , 
showed t he t end e n c y  f o r b r ea t h  t emp er a t u r e s  to come t o  nea r l y  t he 

s am e  v a l u e  a f t e r  a p ro l on ged exp i ra t i on . 

3 .  2 .  2 .  B re a t h a l c oho l l eve l s  

Alc oho l c o nce n t ra t i o ns o f  b r e a t h  s a m p l e s  i ncrea s e d  w i t h  

e x p i ra t io n vo l umes ( T3 b l e  3 .  7 ) . Tlw .::ll c oh o l co nc e n t ra t · o n s  we r e  

d d 1 0 f J l. 0 c o r r e c t e  t o  a s t an a r G  t emp e ra t ure - ( Tab le 3 . 8 )  b y  u s i n g  a 

f a c t o r  o f  7 . 5% p e r  d e g r e e , ob t a i ne d  f r0rn it l i ne a r  i n t e r p 0 la t i o n  o f  t he 

da t a  o f  H a r g e r  v t  a l  ( l 9 5 �)b )  1i L' t w c c n  L' < l n d  36° ( F igurL 3 . 8 ) . The 

t emp e r a t u r e - c o r r e c t e d  and unc or re c t ed a l c oho l c u r v e s  f r om a l l  s u b j e c t s  

a r e  s hown i n  f i g u r e s  3 . 9  a - f .  

The m e a n  b n:!a t h  a l c o h o l c o n c e n t r.a l i c> n s  ove r t he c or. . p J e t e  t i m e  
c o u r s e  o f  t h e  ex p e r i me n t  a t  ea c h b r c a l i l  vu J ume W L! re C <l l c. u l a l e d  f o r  b o th 

t emp er a t ur e -c o r r e c t e d  and unc o r r e c t e d  a l c oh o l  l e v e l s  f r om li nea r 

r e gr e s s io n a n a ly s i s  ( Ta b l e 3 . 9 ) . I t  Ci.ln be s e e n  t ha t  a f t e r t em p e r a t ur e  

c o r r e c t io n ,  t h e r e  wa s s t i l l  a s i gn i f i c a n t  l i ne a r  i n c r e a s e  i n  b r ea th 

a l c oho l c o nc e n t ra t i o n  u p  t o  exp i r a t io n  Jo l ume s o f  2 l i t r e s  ( F i gu re 3 . 1 0 ) . 
There was a s i gn i f i c an t r e l a t i on s h i p  b e tween the change i n  b r e a t h  

a l coho l c on c e n t r a t i on w i th vo l ume a n d  L h e  m e a n  b l ood a lc oh o l  l ev e l . 
F i gu r e  3 . 1 1  s how s tha t  the brea th vo lume e f f e c t is mor e  imp o r t a n t a t  

h i gher b lood alc oho l l ev e l s  than a t  l ow e r  and t h a t  t h i s  f a c tor r e su l t s  

i n  es t ima tes o f  b r ea th a l cohol b e i ng l ow e r  b y  a n  in c r ea s i n g  p e r c en t a g e  

a s  t h e  b l o o d  l eve ls i n c r ea se . 

As each o f  t h e s e  b r e a th c on c e n t r a t io n s  r e f l e c t  the same b l o o d  a lc oh o l 

l eve l , t h e  d i s t r ib u t i o n  fac tor \•Th i ci1 c o nv er t s  t h e  b r e a t h  to b l o o d  

l ev e l s  mus t b e  d i f f e r e n t  f o r  every b r e a t h vo l ume . I t  w a s  as s umed 

tha t t h e  2 l i t r e t emper a t ure c omp ens a te d b re a th a l coho l leve l s  



TABLE 3 . 6  

vo l ume s . 

S ubjec t 

NH 

KJ 

J P  

VP 

C\� 

RG 

4 7  

B r ea t h  t emp er a t ur e s  a t  the e n d  o f  var i o u s  exp i ra t io n  

T ime 
(minu tes_) 

t 

1 38 
1 6 8  
1 8 9  
2 5 6  
2 8 7  

1 2 1  
1 56 
185 
2 20 
2 5 2  
2 7 8  

3 1 1  

8 6  
1 0 3  

1 <'. 0 
t n 
20 1  

l l S 
1 7 0  
2 0 2  

6 6  
' Cl  I -' 

1 0 7  
1 2 9  
l id 
1 6 6  
1 7 5 
1 90 

4 3  
59 
72 
93 
1 1 9 
1 33 

mean 
S . D .  

0 . 2 5 

3 3 . 5  
3 3 . 5  
3 3 . 5 
3 2 . 5  

33 

3 1  
3 1  
33 

32 . 5  
3 2 . 5  

33  
3 3  

3 4 . 5  
3 3 . 5  

3 3  
3 2 . 5  

3 3  

3 3  

3 2 . 5  

3 3 . 5 
3 3 . 5  

3 4  
3 3 . 5 

3 3  
3 3  
3 3  
3 3  
3 3  

3 1 . 5  
3 1  

3 1 . 5  
3 1 . 5  

3 2  
30 . 5  

3 2 . 8  
0 . 88 

0 . )  

31-. . s  
34 
3 3  

33 . 5  

3 4 . 5  

3 2 . 5  
3 2 . 5  
3 3 . 5  

3 3  
3 3  
3 4 

3 4  

34 . 5  
3 4 . 5  

3 3 . 5  
3 3  

3 3 . :. 

3 5  
3 3  

3 i. 

3 4 . ') 
3 4  
3 4  
3 4  
3 4  

3 3 . 5  
3 3 . 5  

3 3  
3 4  

3 2  
3 1 . 5  

3 2  
3 1 . 5  

3 2  
3 1  

3 3 . 3  
1 . 0 

0 . 7 5 

34 
33 
3 3  

3 4  

3 5  

3 2 . 5  
3 3  

33 . 5  
3 3 . 5  

34 
34 . 5  
n . s  

l4 . 5 
3 5  

3 3 . 5 
)I; 
3 4  

3 2 . 5  
3 3 . 5 

) i, 

3 4 . 5 
34  
3 4  
34 

3 3 . 5 
1 3 . 5 

34 
3 4  

32 
32 
3 2  
3 2  
32 

3 1 . 5  

3 3 . 5  
0 . 9 3 

1 . 0 

3 5  

3 3 . 5  

34 
34 . 5  

3 5  

32 . 5  
3 3  

33 . 5  
33 . 5  

34 
34 . 5  
34 . 5  

34 . 5  

3 4 . 5  

33 . 5 

3 3 . 5 
3 3 . 5 

3 L; 

3 3 . 5  

34 

Jl+ . 5 
3 4 . 5  

J!  • .  5 
34 
34 

3 3 . 5  
34 

3!; 
34 

33 
32 
32 
32 
32 
32 

3 3 . 6  
0 . 87 

] . 5 

35  
3 4  
3 4  

34 . 5 
35 . 5  

3 3  
3 3 . 5 

3 3 . 5  
3 3 . 5  
3 4 . 5 

3 'j 
34 . 5 

3 1· . 5 
3 5  

3 3 . 'J  
3 4  

34 . 5 

3 4  

34 
3 4  

34 . 5  

34 . 5 
34 . 5 

3 5  
34 . 5  

34 
34 . 5  
34 . 5  

3 4  

3 3  
3 3  
3 3  

3 2 . 5  
3 3  

3 2 . 5  

34 . 0  
0 . 7 6 

2 . 0 

34 . 5  
34 

34 . 5 
34 . 5  
3 4 . 5  

3 3 . 5  
33 . 5  

34 
3 4  

3L; . 5 
35 

3 4 . 5  

3 5  
3 5  
3 4  

3 4 . 5 
3 5  

34 

34 
34 . 5  

3 5  

3 5  

3 4 . 5  

3 5  

3 5  
3 4  

34 . 5 
35 

34 . 5  

34 . 5  
3 3  
3 3  
3 3  
3 3  
33 

34 . 3  
0 . 6 7  



3 6  
35 

3 4  

33 
u 
0 

w 32 
0::: 
� � 
0::: 
w 
CL 3 1  [fj 
r-

3 0  

F i g u r e  3 . 7  

1 2 

5 4 8 

2 8 1 1  8 

---------------
7 6 J_------- 8 

�3 2 

5 2 2 1 

1 3 5 5 

3 2 1 

3 1 

4 8  

1 

9 

11  1 2  
----------

--

_§._-------- '7 
I 

4 2 

5 5 

2 

----�----_.----�----�---------�--------_.-J 
2 50 5 00 750 1 000 1 50 0  2 0 00 

B REATH VOLU M E  ml 

F r e q u enc y d ia g ram o f  b r ea th t emp e ra t u r e  a t  var ious exp i r a t i o n  vo l ume s . 
The l i n e  h a s  b e en f i t ted by l inear r e gr e s s ion ana l ys i s  of b r ea th 
t emp e r a t u r e  on v o l ume . 



TABLE 3 . 7 A l coho l conce n t r a t ions in  t h e  b r ea th a t  the end o f  

var io u s  exp i r a t io n  vo lumes , w g / l i t r  . 

Time B r ea t h  Volwne ( 1  i t  r e s )  
S ub je c t  

(minutes )  
t . 25 . 5  . 7 5 1 . 0 1 . 5  2 . 0  

m,� 1 3 8  3 3 3  .3 4  7 3 '1 6  3 8 LI 3 8 9  3 8 2  

1 6 8  2 9 3 3 1 4 3 0 8  1 1 8  3 29 ' )3 1 
1 8 9  2 5 2  2 L+ 9  2 6 3  2 7 7  3 0 1 3 0 8  

� 5 6  l l+ 2  1 7 1  1 7 7 1 8 5 2 06 209 
2 8 7  1 3 1 1 Li 4  1 5 1  1 5 3 1 5 6 1 5 5  

KJ 1 2 1 36 2 3 9 8  3 8 5  4 1 4 4 2 9  46 3 
1 56 3 2 8 3 4 4  3 7 6  3 8 1 4 1 5 4 2 7  
1 8 5  29 0 34 6  3 5 1 35 4 3 6 0 3 8 2  

2 2 0  2 36 2 7 5  300 3 1 1 3 1 6 3 1 7  

2 5 2  2 1 6 2 4 1 2 5 2  2 59 2 6 8  2 80 
2 7 8  1 9 5 2 1 1 2 1 9  2 36 2 4 9  2 5 2  

JP 1 0 3 3 7 3  4 4 5  4 7 6 4 7 1 4 6 4  5 0 8  
1 4 0 3 3 8  36 4 3 6 9  390 3 9 0  4 3 2  
1 7 1  3 2 0  3 3 3  3 5 0 3 5 9  3 8 2  4 08 
2 0 1 2 7 4  2 7 7  3 1 11 -� n 3 4 2.  3 4 3  

V P  1 1 5 3 3 3  3 6 l)  3 7 0  3 9 1 3 8 0 4 2 9  
1 7 0 2 8 8  3 0 :> 3 3 0 3 5 1 3 5 3  3 6  7 

2 0 2  27 1 2 9 9 :2 9 5  30 7 3 ') �  ,._ .) 3 3 2  

C�.J 6 6  1 7 4 1 <J 1 1 9  7 2 0 5  2 0 6  208 

7 9  1 6 9  1 8 2  1 9 3  1 9 4  20 4 20 7 

9 4  1 4 5 1 6 9 1 8 1  1 7 9 1 88 1 84 

1 0 7 1 4 8  1 5 6 1 6 0  1 6 3  1 6 1  1 6 9  

1 2 9 1 2 1 1 3 7  1 3 4 l l+ O  1 4 8  1 5 2 
1 4 3  l OO 1 1 0 1 20 1 2 4 1 3 1  1 3 7 

1 6 6  9 3  1 0 1  1 0 5 1 1 2 1 2 0 1 2 1  

1 7  5 1 0 2 1 0 4 l OCi 1 0 7  1 1 2 1 1 5 

1 9 0  7 1 8 7  8 8  9 1  9 2  9 8  

RG 5 9  2 5 2  2 5 3  27 0 2 9 2  2 9 7  3 1 2 
7 2 2 1 4 2 4 5 2 5 2  2 5 0  2 6 2 2 84 

9 3  1 9 8 2 0 7  2 1 0 2 1 3 2 3 0 2 4 7  

1 1 9 1 4 5 1 5 5  1 7 5 1 7 8 1 88 1 9 3  
1 3 3  1 2 5 1 34 1 4 4  1 50 1 6 7  1 7 4 



TABLE 3 . 8  B r e a t h  c o nc e n t r a t io ns a f t e r  c o r r e c t ing f o r  

t em p e r a t u r e  d i f f e r e nc e s  f rom 34
°

, a l c oho l � g / l i t r e . 

T ime Brea t h  V o l ume ( l i t r e s )  
Subj e c t ( m i nu t e s )  

t . 2 5 . 5 . 7 5 1 . 0 1 . 5 

NW 1 3 8 3 4 5  3 3 3 3 5 6  3 5 5  36 0  

1 6 8  30!t 3 1 4  3 3 1  3 30 3 2 9  

1 39 2 6 1 26 7 28 3 2 7 7  30 1 

2 5 6  1 5 8 1 7 7  1 7 7 1 7 8 1 9 8 

2 8 7  1 4 0  1 3 8 1 3 9 1 4 1  1 3 8 

KJ 1 2 1 4 4 3  4 4 3 4 2 9  4 60 4 6 i 
1 56 4 0 2 38 3 4 04 409 4 3 0 

1 8 5 3 1 1 3 5 9  3 6 4  36 7  3 7 3  

2 20 2 6 2  2 9 5  3 1 1  3 2 2  3 2 8  
2 5 2  2 4 0  2 5 9 2 5 2  2 5 9  2 5 8  
2 7 8  2 0 9  2 1 1 2 1 0 2 2 7  2 3 0  

3 1 1 1 4 3  1 7 0 1 G 8 1 7 6 1 8 0 

J P  86 4 6 2  4 8 2  Ml 4 6 7 2  4 8 7 

1 0 3 3 8 7  4 2 8  L, 4 1) 4 5 3  L! 2 9  
1 4 0  36 3 3 7 7 38 3 4 04 404 
1 7 1 3 5 6  3 5 8  3 5 0  3 7 2  3 8 2  
2 0 1  2 9 4 2 8 7  3 1 6  3 3 4  3 2 9  

VP 1 1 5  3 5 8  3 4 1 4 1 1  3 9 1 3 8 0  

1 70 3 2 0  3 2 7  3 !1 2  364 3 5 3  

2 0 2  2 7 1  2 9 9  2 9 5  307 3 2 3  

Clv 6 6  1 80 1 8 3  1 89 1 9 7 1 9 7  

7 9  1 7 5 1 8 2 1 8 5 1 8 6 1 9 6  

9 4  1 4 5  1 6 9 1 8 1 1 7 2  1 8 0  

1 0 7 1 5 3  1 56 1 6 0  1 6 3  1 4 9  
1 2 9 1 30 1 3 7 1 3 4 1 4 0  1 4 2  

1 4 3  1 0 7  1 1 4 1 2 4 1 2 8 1 3 1  

1 6 6  l OO 1 0 5 1 0 9 1 1 2 1 1 5 

1 7 5  1 1 1  1 1  1 1 06 1 0 7  1 0 8 
1 9 0  7 6  8 7  8 8  9 1  9 2  

RG 4 3  3 5 0  3 5 8  3 8 9  354 3 7 6  

5 9  3 0 8  3 0 0  3 1 0  335 3 1 9  

7 2  2 5 4  2 8 1 2 8 9  28 7 28 1 
9 3  2 3 5  2 4 2  2 4 1 2 4 4  2 5 5  

1 1 9 1 6 6  1 7 6 2 0 1  204 2 0 2  

1 33 1 6 2 1 6 4 1 7 1  1 7 2  1 86 

5 0 

2 . 0 

3 6 7 
3 3 1  

2 9 6 

2 0 1  

1 4 9  

4 80 
4 5 9  

3 8 2 

3 1 7  

2 6 9  

2 3 3  

1 8 1  

5 0 3  

4 7 0 

�1 3 2  
3 9 2 
3 1 7  

4 2 9  
3 6  7 

3 1 9  

1 9 2  

1 9  1 
1 7 7  
1 5 6  

1 4 1  
1 3 7  

1 1 6 

1 0 6  

9 4  

3 5 6  

3 3 5  

3 0 5  

2 6 5 

2 0 7  

1 8 7 
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F i gu r e  3 . 8 

500 

5 00 

4 00 � 
3 0  32 34 

T EM PE R AT U R E  ° C 

5 1  

3 b  3 8  

The change o f  a l cohol c o n c e n t r a t i o n  wi th b r e a t h  t emp e ra t ur e , d a ta 
t ak e n  f r om Harger e t  al ( 1 9 50b ) . 



5 2  

3 . 9a to 3 . 9 f . The b r ea th a lc oh o l  curves f rom a l l  subj e c t s s howing the 
e f f ec t  of t empera ture cor r e c t i o n  ( up p er f i gu r e )  agains t the uncor r e c t ed 
va l u e s  ( l mver f igure ) . The c u r ve s  i n  each f i gure are  gene ra l ly ranked 
wi th the r e su l t s  f r om t h e  2 l i t re e x p i r A t i o n  a t  the t o p  and those f rom 
the 0 . 2 5 l i t r e  a t  the b o t tom . 
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F i gur e 3 . 9 c  
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TABLE 3 . 9  

5 9  

The mean brea th a l c oho l c o n c ent ra t ions  ( ]J g / 1 )  a t  each 

expir a t ion vo l ume , t empera t ure cor r ec t ed l m;er and uncorre c t ed ( u p p e r )  

f o r  each s ub j e c t . C o r r e l a t io n  coe f f i c i en t  = r ,  r e gr e s s i o n  coe f f i c i e n t  

= b . 

--- -·---�----

B r eath Vo lume ( l i t r e s )  tiean 
Subjec� ') " . 5 . 7 5  l . O 1 . 5  2 .  0 r b 

�. g / 1 , _ ) --

-----�- ---·------

NH 2 3 0 2 4 5  2 5 1 26 3 2 7 h  2 7 7  . 96 1 1 5  2 5 6  

2 4 2  2ll6 2 5 7  2 56 2 6 5  269 . 9 6 1  1 5  2 5 6  

KJ 2 7 1  3 0 2  3 l L1 3 2 6  J L,O 3 5 4 

28 7 3 0 3  305 3 1 7  3 2 3  3 3 2  . 9 6 2  24 3 1 1 

JP 3 2 6  3 5 5  3 7 8  386 3 9 5  4 3 2  

3 5 0 3 6 :2 3 7 2  3 9 1 JRo  4 0 3  . 9 2 9  2 8  3 7 7  

VP 297  32 9 .3 3 1  31• 9  J r ') )._ 3 7 6  

3 1 6  3 2 2  349 354  1 ') 2  3 7 1 . 9 0 6  2 q  3 LI !+ 

RC 1 7 1  1 85 1 9 5  1 9 3  2 1 8 2 2 5  
204 2 1 6  2 2 6  2 2 7  :! 3  1 2 4 1 . 9 3 7  1 8  2 2 4  

cw 1 2 4 1 3 7 1 4 3  1 4 6  1 5 l 1 5 4 

1 3 1  1 38 1 4 2  1 4 4  1 .';  I) 1 4 6  . 8 5 8  8 1 4 1  

-------- ----------------·-----�--- --------



4 0 0  

3 0 0  

aJ 
L-

-+--

----

(J) 
::2._ 

_J 
0 
I 200 0 
u _} 
<( 
-,-_J.._ 
t-<( 
w 
0::: cw 
m 

F i gur e 3 . 1 0 

+ 

+ + 
-

+ 

250 500 750 1 000 
BREAT H  V O LU M E  ml 

6 0  

1 500 200 0 

The r eg r e s s ion o f  mean c o rr e c ted b r e1 th a l c oh o l  c o nc e n t r a t ion a ga i ns t  
exp i ra t io n  vo l ume f o r  each sub j ec t .  
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Figure 3 . 1 1  

A p l o t  o f  t h e  r egre s s ion coef f i c i e n t s  o f  brea th a l coh o l  concen t ra t ion 
on exp ir a t i o n  vo lume agains t the  mean b r e a th a l cohol concen t r a t i o n  
f r om each sub j ec t , ( d a ta f rom Tab l e  3 . 9 ) . 
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w e r e  t h e  max imum a t ta inab l e  and a p p l y i ng the d i s t r ib u t ion r a t io o f  

2 1 6 9  ( r e c i proc a l  o f  4 6 1 ,  Tab l e  3 . 4 ) a t  a n  ave r a ge haema toc r i t  o f  0 . 4 5 , 

t h e  mean b lood a l c oh o l  c oncen tra t i o ns wer e  d e r iv e d . The d i s t r i bu t ion 

r a t ios  w e r e  t h e n  d e t e r m i ne d  \vh i c h  \vo u l d  r· o nve r t a L l the o ther a l c oho l 

l evels a t  t h e  v � r i o u s  b r Ea t h  v o l urn � s  t o  ' i c l d  the same b l ood c o nc e n t ra t ion 

and t h e s e  a r e  s h ow n  in tab l e  3 . 1 0 . T h e s e  · · oef f l c i C' n t s  s ho'<led a 

c o ns i d e r a b l e  v a r i A t i o n  w i t h i n  C' a c h  b r La t i t  \' l) l ume i r t t e rv a l , w i t h s t a n d a r d  

d ev i a t i o n s  o f  l SO u g / l i t r e  f o r  l 0,,. h n'a t h  v D l um e s  d e c n'a s i ng to 1 06 �j g /  

l i t r e a t  t h e  2 1 i t r e  vo l ume . A f t e r  t l:nq1l' r a  t u  re  c o r r c c t i on ,  t h e s e  

s tand ar d d ev ia t i o ns we re c ons i d e r a b l y  r ed u c e d . 

I n  add i t ion to the t emper a tu r e  e f f �c t s . there are a l so s im i l a r  

changes  i n  b r ea th a l c oho l concen t r a t i o n  w i t h  vo l ume d epend i ng o n  th e 

b lood a lcohol l eve l .  I t  ha s b e e n ommo n l y a s s umed tha t the a l c oho l in  

the b r ea t h  a f t e r  the d i sp l a c emen t of  th e t i d a l  air  f rom t h e  ' d ead - s pac e ' 

o f  the u p p e r  res p i r a tory t r a c t , i s  d e r  i v , , d  f rom pu lr.wnary ar t e r ia l  

b l ood b y  e qu i l i b ra t i on i n  t h e " ] v v t d i . l t  i s  un l i k el y  t hn t � q u i l i b r a t i o n  

i s  i n c omp l e t e  i n  t h L· a l v e o l a r ,.; :� · � ' ...: s o  L i l c l t t ! l e  c h n ngc s i n  a l c oho l 

,- o n c e n t r a t i o n  \.: i t h  b r e a t h  vo l urk : 1 b o v c' t i l f ' S L' c om p t> n s n  t e d  by t em p e ra t u  r e  

c o r r ec t i o n  a c e 1 i k c l y  t o  a r i s e i n  L l l e  ' d ,• ;H� - s p<l c e ' .  

Th e r a p i d )  t y  \·d th >vh i c h  a l c o h o l  v <t p< > u r s  rr1c1y re-eq ui l ib r a te i n  such 

.:1 r e a s  \va s  i nv e s t i ga t ed \v i t h  a n  a p r ::� r a t u c; d t • s i gned to a p p coxi.ma te the 

u p p e r  r e s p i r a  torv trac t .  A w a sh b u t t  l t· l w : I cl a t  t a c h c d  to a lOOml g l a s s  

t ub e ,  ( �u i ck f i t  �!F ::?. S / 3 ,  �H: 2 1.. / 3 / 'd )  wa s i u::Ll' r s ed i n  .1 wa te r-ba t h  a t  3.6 ° .  
The i nn e r  t ub e o f  t h e  h ead \va s c o nn Pc ted t t J  the gas chroma togr aph by 

he a ted t u b i n g  t o  p r event c ond L' n s a t io n  and b r ea th sam p l e s  f r oiTJ the 

s imu l a t o r  we re b lown t hr ough th e J u t e r  a r m . A f i l t er pap er c yl i nd er wa s 

i n se r t ed in t o  t h e  tube and mo is t ene>d \v i th a l c oh o l  so l u t ions  o f  a d i f f e r e n t  

c oncen t r a t ion to tha t in the s imu l a to r . A s tandard a l coh o l  vapour was 

b l own through the appara tus a t  a r a t e  o f  6 l i t r e s  per minu t e  f o r  6 second s 

f r om t h e  s imula tor . The r e s u l t s  in  Tab l e  3 . 1 1  show tha t wha t ev er the 

i n i t ia l  c o nc en t r a t io n  o f  a lc oh o l  i n  a i r , a ne\v va l ue wa s r a p i d ly a t ta i ne d . 

3 . 3 . D I SCU S S ION 

The r e  has b e en s ome con trove r sy in r e c e n t  years over t h e  d is t r ibu t i on 

ra t io b e tween b l ood and brea th a l c oho l c o nc e n t r a t i ons . Some work e r s  

wo u l d  p r e f er thi s v a l ue to b e  h i gher b ec a u s e  b r ea th t e s t s  f r equen t l y  

under e s t ima t e  b lood l eve l s  b y  5 - 1 0% .  Ex a m i na t io n  o f  Tab l e  3 . 1 0 shows 
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TABLE 3 . 1 0 D i s t r ib u t i on r a t i o s  wh i ch c o nv e r t b r ea t h  a l c o h o l  

c o n c e n t r a t ion to the same b l ood a lc oho l c o nc e n tra tion a s  d e termined 

from the 2 . 0  l i t r e  t empera t ur e  c o r r e c t ed vo l ume . 

Subj ec t 
B r e a t h  Vo 1 ume ( l i tr e s )  

0 . 2 5 0 . 50 () .  7 5 1 . 0 1 . 5 2 . 0 
- ---·-----

( a )  U n c o r r ec t ed f o r  b r e a t h  tempe r a t u r e  

NW 2 5 3!� 2 3 80 2 3 2 3  2 2 1 7  2 1 1 2 2 1 0 4  
KJ 2 6 5 7  2 3 8 4  2 2 9 3  2 20 9  2 1 1 7  20 3 3  
JP 2 6 8 0  24 6 2  2 3 1 2  2 2 6 4  2 2 1 2  2 0 6 6  
V P  2 7 l 0 2 4 8!1 2 4 3 2  2 30 6  2 2 86 2 1 4 0  
RG 3 0 5 8  2 8 2 7  2 6 8 2  264 1 2 39 9 2 3 24 
cw 2 5 54 2 3 1 1  2 2 1 5  2 1 69 2 0 9 7 2 05 6 

me.:1n 2699 24 7 5  2 3 7 fi 2 30 1  2 204 2 1 2 1 
S . D .  1 89 1 8 3 1 6 5 1 7 3 1 20 1 0 6  

( b ) A f t e r  c o r re c t i n g  b r e a t i 1  .J. l c oho l <' L>n c e n t r a  c i o ns f o r  t emp e r a  tu r e  

d i f  f e r l!nc e f rom 34
°

. 

'\"!1' ' i. � ... , 2 4 0 9  2 3 7 0  2 �' (1 g  2 2 7 7  22.00 2 1 6 9  
KJ 2 5 08 :' 3 7 6  � 3f.O 2 2 7 1 2 2 2 9 2 1 6 9  
J P  2l, 9 7  :U1 l l� 2 3 4 9  2 2 3 5  2 2 6 4  2 1 6 9  

VP 2 5 4 7  2 5 00 2 30"' 2 2 7 4  2 286 2 1 6 9  
RG 2 5 6 3 �' {f 2 1  2 3 1 4  2 30 3  2 2 6 !1 2 1 6 9 
C\-.' 2 4 1 7  2 :_ 9 5  2 2 1 0  2 1 9 9  2 1 6 9  2 1 6 9  

mean 2 1, 9 0  ') ,. ll r - J , o  z 30 '� 2 2 6 0  2 2 3 5  
S . D . 6 4  6 e  4 9  3 7  4 4  
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TABLE 3 . 1 1  The r e-equ i l ib r a t io n  o f  a l c oho l be tween the aq ueo us 
and vapour pha s e s  in a s imula t ed upper r e s pira tory tra c t .  

I ni t ia l  a l coho l conc en t r a t ion 4 6 5  4 6 5 4 6 5  4 6 5  0 
in the vapour phase ]J g / l i  t r e  

Alc ohol concen t ra t i on on the D r y  0 3 80 5 7 1  5 7 1  
f il t er p a p e r  IJg / l i  t re 

F i na l a l c oho l conce n tra t ion i n  the 4 & 5  248  4 4 2  5 1 9  L; 5 2  

vapour pha s e  \.l g/ l i t r e  
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the cons i d e r ab l e  var i a t ion i n  d i s t r ibu t i o n  r a t i o w i t h  exp i r ed b r ea t h  

volume a n d  i t i s  n o t  surp r i s i ng t ha t a g r e em e n t  ca nno t b e  reached over 

the c o rr e c t ra t i o  to a pp l y  to c onv e r t b r ea t h to b lood l eve l s . Ther e 

are  som e advoc a t e s  o f a ra t i o o f  2 , 300 ( . ! o ne s , e t  a l , 1 9 7 4 )  and t h i s  

may no t b e  sur p r i s i n g  when i t  i s  s e en f r o m  t h L  t a b l e  t ha t t h i s  a p pl i e s 

to t he 500 - 7 5 0 ml b r ea th  v o l ume a i med .I t b v  m a n y  o f  t he b r ea t h  t e s t ing 

i ns t rume n t s . Harg er , ( 1 9 7 4 )  l i s t ed t h e  r e s u l t s  o f  2 7  s t ud i e s  o n  t h e  

c or r e l a t i o n s  b e t we en b r e a t h  and b l oo,! L � s t s  w i th a v a r i e t y o f  qu a n t i t a 

t iv e  b r ea t h  t e s t i n g i n s t r ume n t s . Thv v a r i a t i o n  f rom -0 . 3  t o  - 1 7 . 5 % 

i n  t w e l v e  d i f f e r e n t  s t ud i es w i t h  t h e  B r e1 t ha l y z e r  proba b l y  r e f l ec t s t he 

d if f er en c e s i n  exp i r ed b r ea th vo l ume s b e t w e e n  t he s tud i e s . F iv e  s tud i es 

w i th  an I n t oxime t er were mor e  c on s i s t e n t a s  might b e  e x p e c t ed w i t h  i t s  

c loser c o n t r o l  o n  b r ea th  vol ume a nd t h e  mean p e r c en t a ge d i f f e r e nc e s  

f r om the b l ood t e s t s  were -4 . 9 ,  -4 . 3 , - 4 . 4 , -6 . 6 ,  a nd - 1 0 . 2 .  O n l y  one 

s t udy wa s l i s t ed wi t h  the A l co l me t e r a nd t h e  sma l l mea n d i f f e r e n c e  f r om 

t h e  b lood t e s t  of - 1 . 3% � i gh t be expe c t ed as l n r ge brea t h  vo l um e s  a r e  

r ead i l y exha l ed w i t h  th i s  i n s t r ume n t . C o l d we l J  e t  a l  ( 1 9 5 9 ) , who mad e  

b l ood to  b rea t h  c ompa r i sons \,· i t. h  t lw B n·a t na l v z c r ,  f ound tha t 6 0  o u t  o f  

7 7  t e s t s t ak e n  d u r i ng t he e l irn i na t i u n  p h;� s c  o f  the a l c o ho l c u r v e  'vJP. r e  

l owe r than the b l ood l ev e l s a nd t h e  a v e r a gv d i f f e r enc e f o r  a l l  

e s t ima t ions wa s - l Orng / l OOml ± 1 2mg/ l 00m 1 . They exp l a i ned t ha l  t h i s  

d i f f e r e n c e wa s d ue t o  t h e  i ns t r um en t  h e j ng e a  l i. brat ed f o r  a lv e o l n r  a ir 

a n d  admi t t ed tha t , in p r a c t i c e ,  t h l' ·b r ca t l :  samp l (• \va s  f r equen t l y  o f  

r:lixed a i r , f r om \vh i ch s t a t eme n t  i t  c an h v  i n f e r r ed tha t t h e  br e a t h  

v o l ume s wer e  genera l l y  l ow . Ent i c knap a nd "lr i gh t  ( 1 9 6 5 )  measur ed the 

d i sc ar d ed a i r  vo lume at SOOml a nd f o und .1 mean d i str ibu t ion r a t i o  of  

2 3 7 0  in t h e i r  subj e c t s  us ing t wo ins t r ume n t s  s im u l ta neously  to 

d ec r ea s e  the s t a nd ard e r r o r . 

The p r i nc ipa l c a u s e  o f  t h e  d i f f e r e n c e s  i n  a l c oho l c o nc e n t r a t i o n  

appea r s  to b e  r e l a ted  to brea th t empera t u r e  wh i c h  i s  d e p end e n t  upon 

exp i r ed a i r  vo l ume . The r e s u l t s  in the p r e sent s tudy wer e  ob t a i ned in  

the labora tory at  normal room t empera t u r es . I n  less  i d e a l  c o nd i t i ons , 

such a s  b r e a t h  t e s t s  b y  t raf f i c  o f f i c e r s  a t  t he road si d e , or i n  

s ubj ec t s  who a r e  hab i t ua l  mou th b r ea the r s , t h e  i n i t i a l  b r ea th 

t empera t u  r e  m i gh t  b e  much lo\o7e r . Fur th e r  inves t iga t ions wou ld b e  

r equ ired to e s t ab l i sh the ex t en t  o f  these var ia t ion s . 
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Above t h e  h r ea th t emp e r a t ur e  e f f e c t ,  i s  a l i n ear r e la t io nsh i p  

b e t we e n  b r e a t h  a l c o h o l c o n c en t r a t i o n  and exp i r ed a i r  vo lume . I t  i s  

un l i k e ly t h a t eq u i l i b r a t i o n i s  i ncomp l e t e  i n  t h e  l u ngs whi ch re c e iv e s 

i t s b l ood su p p l v  f r om t h e  p u lmo na r y  a r t e ry . Th i s  a r t e r y c o nveys mo s t  

o f  the o u t p u t o f  t h e  r i gh t v e n t r i c l e  o f  t he hear t t o  th e ca p i l l ary 

n f' t wo r k s  l y i n "  i n  t h ('  s e p t a  be tHecn t h e  a l v eo l i . The ne t \w rk s d r a i n  

i n t o  t h e  p t d mc n .q r y  V L' rw l c s \,· h i c h  u n i t e  t o r e t ur n  t he b l o o d  t o  t h e  l e f t  
a t r i um o f  t h e  h t:' .1 r l .  Th e c a r d i ·1 c  ou t p u t  i s  5 - 6  l i t r e s  p e r  m i n u t e 

3ncl t h e  c i r c u LH i o n 1 i rw  h e t i·Jc c n  r i gh t  v e n t r i c � c a nd l e f t  a t r i um is 

abo u t  5 s e c o nd s  . .:; o  t 1 1 .1 �  o n l  · n .  7 5  S L' C' ll nd s  i s t a k e n  L o  t r av er s e the 

c a p i l l a r y  b ed \·:h i c h  h . 1 s  a b l ood vol ume o f  75 - 1 00 ml s p r ea d out i n t o  

t h i n  wa l l e d  v e s s e l s  ( S t r i ed e r . 1 9 7 6 ) . S u c h  i s  t he r a p i d i t y  o f  e xcha ng e , 

o f  \.Ja t c r a t  l e n � t . t ha t  d r y a i r  i nh a l Pd i n to the l u ng s r e t u r n s  f u l l y 

s a t u r a t ed wi t h  wa t e r va p o u r  a nd i t  h a s  b e e n  s hown tha t i f  the body 

f l u i d s  c o n t n i n  t r i t i n t cd <.-'a t e r , t h e  e x p i re d wa t e r  vapo u r  h a s  t h e  same 

�� JWC i f i c  a c t i v i t v .  f t  t h e  t r '1 n s f e r  i s  a t t emp t e d i n  t h e  r ev e r s e  

d i r e � L i o n  b y  i n rta l �t t i o r:. o f  t r i t .i n t c d  • . .;a t e r  vapour , 8 5 - 1 00% ab s o r p t i on 

i s  a t t a i ned d u r i ng e a c h  r f's p ir a t o r :  c y c l e ( P :i.nso n ,  1 9 5 2 ) . Under these 

c o nd i t i o n s ,  i t  i s  l j k c l v tha t a n y  cha nge i n  d i s t r ib u t io n r a t i o  i s  due to  

r e - e q u i l ib r a t i o n  a t  a s i t e  i n  the u p p e r  resp i ra to r y  t r a c t .  

T h e  imp l i ca t i o n s  o f  the re-equ i l ibra t ion exper imen t s  are tha t the 

so- c a l l ed r e s p i r a t o r y  d ea d  spac e ,  a l though ' dead ' f rom the po i n t  o f  

v i e\,' o f  r e s pira tory g a s  e x c han ge , i s  ' l ive ' in a l c ohol equi l ib r a tion . 

In  the proces se s o f  norma l r e s p ir a t ion , i t  i s  q u i t e  l ikely tha t the a i r  

i n  t h i s  dead s p a c e  i s  a lmo s t  i n  equ i l ibr i um wi th t h e  a l c oho l i n  th e 

s u r r o und i ng t i s s ue s . Th e e x pe r imen t s  show tha t wh i le an al coho l vapour 

is p a s s i ng ov er a dry s ur f a c e ,  a l cohol c a nno t be lo s t un les s  condens a t i o n  

t a k e s  p l ac e . I f  howev e r , the a l cohol vapour i s  pas sed over a mo i s t  

s u r f ace , there H i l l b e  a t ende ncy for re-equ i l ibra t ion b e tween the 

vapour and the aqueous pha s e s . The extent to  w h i ch a ne\v equ i l ibr i um 

i s  r eached w i l l  depend upon the tempera ture ; the d if fer ence in a lcoho l 

c o nc en t ra t ion b e tw e e n  t h e  two pha ses and the r a t e  o f  f low of  the 

vapour . Harger et a l  ( l 9 50b) f ound tha t equ i l ibra t ion of a lcohol f r om 

aqueous solu t ions in to the a ir b lown thr ough them wa s very rapid a nd 

they were able to  mod i f y  their or ig ina l three s tage equ i l ibra tor f o r  

p r ov id ing s tandard a l coho l  vapour s ,  to  one s tage . Even the d i f fu s ing 

d i sc  used in the ir s t ud i e s  to b reak up the a i r  i n t o  sma l l  b ubb l e s  has 
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been e l i mi na t ed i n  th e S tephenson s imu l a t o r  w i th no a p pa r e n t  e f f e c t 

on t he a l c oh o l c o n c en t r a t i o ns i n  t he vapour ph a s e . Haggard e t  a l  ( 1 9 4 1 )  

c i t ed the obs erva t io ns o f  L i l j e s t r a nd e  and L i nde i n  1 9 30 on t h e  ex t ent 

to w h i c h  a l c oho l d i f f used i n t o  the a i r o f  the r e s pi r a t o r y  dead s pa c e , 

so tha t m i x ed exp i r e d a ir c o n t a i n ed ne a r l y  a s m u c h a lc oho l a s  a l v e o l a r  

a i r . Haggard e t  a l  a l so made i� v iv o  eq u i l " b r a t i o n  ex per ime nt s whe r e  

t h e  mo u th o f  sub j e c t s  �ho had h e e n  d r i nk i n g wa s i n f l a t ed wi t h  a i r  a nd 

h e l d  f or two m i nu t e s . The a l c oho l c o nc e n t r a t i o n  in t h i s  a i r  wa s 40% 

o f  the a l v e o l a r  a i r  l eve l s .  

A l c o h o l  i n  t h e  b r ea th may be d e r ived f r om any s i te i n  whi c l 1  t h e  

sur f a c e  i s  c ov e r ed w i t h  a n  a q u e o u s  l a y e r  c o n t a i n i ng a lcoho l . The mos t 

obvious and d rama t ic e f f e c t is  tha t  s een i n  s ubj e c t s  immed ia t e l y  a f t er 

d r i nk in g  o r  r i ns i ng t h e  mou t h  wi t h  a l c o ho l .  Th e s e  sub j e c t s  s h ow the 

so-c a l l ed ' mou th a l c o h o l  e f f ec t '  Hh i ch is v1e l l d oc ume n t ed . B e g g  e t  

a l  ( 1 9 6 6 )  s t ud i ed th i s  e f f e c t ,  f i nd i n g  h i g h  i n i t i a l  l e v e l s  \>'h i ch 

ra p i d l y  d im i n i sh u n t i l  th ey a r e  near t h e  b l ood l ev e l s  b y  1 5  m i nu t e s  

a f t e r  d r i nk i ng . I t  s e em� l i k e l y  t ha t t h e d e f i c i e n c y  o f  a l c oho l i n  

t he b r e a th c an b e  ex p l 3 i ne d  b y  � L o s s  o f  1 l c oh o l f rom the t i s s u e  
s ur f a c e s  into the i n c omi ng b r ea t h  in t h e  same way in whi c h  h ea t i s  

3 l so l os t ,  a s  s u gge s ted b y  Jones e t  a l ( 1 9 7 4) . Th i s  l eav e s  a c oo l e r , 

a l c oh o l  d e f i c i e n t  s ur f a c e  b ecause the b l ood f l ow thro ugh the t i ssues 

l i ning the mo u t h  a nd the b r onch i a l  t r e e  wou l d  be r e la t iv e l y  l ow 

c omp a r e d  t o  the a l v eo l i . The a lveo l a r  expi r ed b r ea th , i n  e q u i l ib r ium 

\.; i th the pu lmo nary b l ood a l c oh o l  and a t  b od y  c o r e  t empera tu r e , p a s s e s  

over t h e se su r f a c e s , coo l s  i n  the p r o c e s s  and y ie l d s  a l c oh o l  t o  the 

d e f i c i e n t  t i s sue as we l l  a s  h ea t .  I f  ex p i r a t ion i s  p r o l o nged , as i n  

the c a s e  o f  r eb r ea t h i ng ,  a l l  t i ss u e s  may c ome i n t o  e qu i l ib r i l,llll 

even t ua l l y  w i t h  r e s pec t t o  a l c oho l c o nc en t r a t i o n .  

The t o ta l  e x t e n t  o f  t h e  f a c t o r s  i nvo lved i n  brea th a lc o ho l 

conc e n tra t i o n  ma y b e  s ee n ,  f o r  examp l e ,  i n  a s ub j ec t w i th a b l o od 

a lc o h o l  l ev e l  o f  l OOmg / l OOml whe r e  a f t er the exp i ra t io n  o f  500 m l  the 

breath m igh t have a t empera tur e of  3 1
°

. I f  a second t e s t  i s  mad e  a f ter  

a b r e a th vo l ume o f  1 . 5  l i t re s  and a tem pe ra ture of  34
°

, the c h a nge i n  

b rea th a l c oho l c o nc e n t r a t i on w o u l d  have b e e n  equ iva l en t t o  2 1 %  f rom t h e  
0 

3 t em pe r a ture d i f f e r e n c e  and a f ur ther 7/- f r om the d i f f e r e nc e  i n  

v o l um e , mak ing a c omb ined t o t a l  o f  2 8 %  b e tween the two t es t s . Such 
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d i f f e r en c e s  c o u l d  r ead i l y  a r i s e wher e t he f i r s t t e s t  wa s mad e w i t h  a 

s c r e e n i ng d ev i c e and the s e c ond on an ev i d e n t i a l ma c h ine .  

F r om a p r a c t i c a l  po i n t  o f  v i ew , i t  a p p ea r s  tha t a t t em p t s  to samp l e  

a lv e o l a r  a i r a r e  unne c e s sa r y . The l i ne a r  r e l a t io nsh i p  b e tween a l c oho l 

c o nc e n t r a t i on a nd b r e a th v o l ume a f ter  tenpera t u r e  c o r r ec t io n  sugges t s  

t ha t  sampl i n g  a c o n s tan t vo l ume , wh i c h  c a n  e v e n  c o ns i s t  o f  t i d a l  a i r ,  

w i l l  g iv e  a d e q ua t e  mea s u r eme n t s  o f  b l ood a l c o ho l  c o nc en t r a t i o n ,  

p r ov i d i n g  t h e r e  i s  c ompens a t i o n  f o r  h r e a t l 1  temp e r a t u r e  a nd t h e  c or r e c t 

d i s t r i b u t i on r a t i o f o r  the vo l ume i s  used . S u c h c or r e c t i on s  c o u l d  

proba b ly b e  c a r r i ed o u t  e l e c t r o n i c a l l y .  

I n  p r e v i o u s  s tud i e s , many t e s t s  have b e e n  c a r r ied o u t  s imul t a neous l y  

o n  b r e a t h  a nd b l ood s amp l e s  ( C o u c hma n ,  1 9 7 4 ) . T h e  r e s u l t s  were i n  

suf f i c ie n t  a g r e eme n t  t ha t a h i g h  d e g r e e  o f  c o n f id e nc e  wa s ob ta i ned i n  

the a b i l i t y  o f  a b r ea t h  a l c o h o l  t e s t  t o  r e f l e c t the c o nc e n t ra t i ons i n  

t h e  b l o od . Th e r e s u l t s  o f  the p r e s e n t s t u d y  h a v e  i l lu s t r a t ed po i n t s  i n  

b r ea t h c o l l e c t i o n  lvh i c h  ma y l <.>a d  to J i f f P r l' nc e s  f r om a b lood t L' S t .  

C o n s e q u e n t l y ,  i L  \ola s  co n s i d e r ed t h a t b r e a t h  sunp l i ng , u nd e r  J c f i r: e d  

c o nd i t i o n s , c o u l d  r e p l a c e  b l o o d  samp l e s  f o r  a l L · o h u l  e s t i ma t io n s . 

I.Jh i l e  t h e n' have been ma n y  s t u d i ·� s  on t h f' \·13 Y  i n  \vh i c h  a ] c ohu l i s  

a b s o r b e d , d i s t r b u t ed a n d  L' l i m i na t l'd f r om t h e  bod y , mos t hav e b L· e n  
c a r r i e d  o u t  u nd � r l a b o r a t o r y  t e s t  c o nd i t i o n s . [ n  ad d i t i o n , i t  ha s b e e n  

no i n t ed o u t b y  Lu nd qu i s t ( l g 7 0 )  th a t : -

" . . . . . s ome o f  t h e  p r ob l 0m s  r ega rd i ng r h e pa t rn.,ra y s  o f  a l c o h o l  

me t ab o l i sm m i gh t b e  so lved b y  t he a c c u r a t e  meR s u r eme n t  o f  t h e  ra t e  o f  

e t ha n o l  r emova l f r om t h e  b l oo d  a t  l ow and h ig h  b l o od a l c oh o l  

c o nc e n t r a t i ons . S u f f i c i en t l y  a c c u r a t e  e x pe r im e n t s  o f  t h i s  k i nd have 

a p pa r e n t l y  no t b e en per forme d . " 

I t  s e emed a p p r o p r ia t e , u s i n g  t h e  mod i f i e d  ga s ch r oma t o gr a ph , t o  

ma k e  r e p ea t e d  o b s e rva t i o n s  o n  a la r g e  numb e r  o f  people ,  and re-s tudy  

s one o f  t h e  p hy s i o l og i c a l f a c t or s  invo l ved in the a b s o r p t io n  and 

e l im i na t i o n  o f  a l c o h o l  i n  s ub j e c t s  und er b o t h  l a b o r a t o r y  and nea r - no rma l 

d r ink ing c o nd i t i o ns . 

F o r  the i nv e s t i ga t i o n s  t o  f o l l ow i n  t h i s  t h e s i s ,  e i t h e r  the 

I n to x im e t e r  or the C a r l e  gas ch roma t ogra phs we r e  used to mea su r e  

a l c oh o l  c o nc e n t ra t i o n s . B o t h  w e r e  c a l ibr a t e d  w i t h  a q u e o u s  s imul a t o r  
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s o l u t i o n s  mad e up t o  1 . 2 1  t i me s the  conc e n t r a t i o n  o f  a l c o ho l i n  the 

b lood , b a s ed o n  the r a t i o  of t h e  par t i t i o n  c op f f i c i e n t s  a ir /b lood to 
a ir /wa t er of 4 7 6  : 3 9 3 ,  where 4 7 6 x 1 0-6 has b e e n  d e r i v ed f r om t h e  

a c c e p t ed d i s tr i b u t io n  r a t i o o f  2 , 1 00 . Th i s  c ommonly ac c e p t ed r a t i o 

wa s used b ec a u s e i t  was i n c o nv e n ! e n t t o  mca s u r �  b r e a th t emp� r a t u re s  

o u t s i d e  o f  t h e  lab or a t o r y  and t h e  r e s u l t i ng e r r o r  wou l d  h e  sr1a l J  \.Jher e 

l a r ge b r ea t h  vo l um e s  \.Je re  u s ed . IH th t lw C. : H l L' i n s t r u me n t , the b r ea t h 

v o l ume \Ja s e s t ima t ed by i n f l a t io n  o f  a p l ils t i c  bag  on the v e n t  u u t l e t  

o f  1 l i t r e  c apac i t y . W i th  t he I n t u x ime t e r , c are wa s t a ken t h a t 

subj e c t s  b l ew in to t h e  i n s t r um e n t  f o r  a t  l � u s t  6 sec ond s e ns u r ing tha t 

t h e  b r e a t h  vo l ume exha l e d  vJas grea t e r  t ha n 600 m l . 

Sub s e q u e n t l y ,  a l l r e su l t s  o f  b r ea t h  t e s t s  a re exp r e s s ed a s  b l o od 

a lcoho l c oncen t r a t ions  i n  mg/ l OOml . 
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CHAPTER 4 STUD IES ON THE L\BSORP T IOlh__QI STRI £U T lON AND 
ELIMINAT ION OF ALCOHOL IN THE BODY W ITH VOLU�HEERS 

·-----· 

STUDIED U,�ER LABO�TORY COND I T IONS . 

4 .  1 . l I NTRODUCTiat-: 

I n  a p r ev i o u s  s t udy ,  1: ! H: n  i nv l' c; t i ;.;�! t i o r: s  \,r (' r e  i n i t i a t e d l L• u h t a i n  

b i o chemi c a l d ::�ta o n  human \ o l u t t t e c r s  wh n had c o n s umt:d n l c oho l 

( C ouchma n \ tJ 7 4 ) , j t  \<! a s  s u g g e s t L' d  t lu t  t l • e  e x p e r i m e n t a l  c o nd i_ t t t' n s  may 

ha ve a l a n � e  e f i: ec t o n  t h L  na t u r e  of UtL· r e s u l t s  ob t a i ne d . A d e l.:1v in 

a l coho l ab so r p t i o n  of up to two h o u r s wa � o b s e r v� J  i n  the f a s t e d 

s u b j e c t s  a f t e r t h e  r a p j d  c o n s ump t i ot: o f  a n  a l c.. o l i o l d o s e  o f  0 . 4  g / k g 

b o d y  \v e i gh t . I t  w a s  c o n s i d L• r <:c.l t h a t f u r t h e r  s t t td i e s  on t he r a t e s o f  

a l c o ho l  ab s o r p t i o n and me t a b o l i sm w e r e  c l e a r l y  wa r r an ted , pa r t ic u l a r l y  

i n  r e la t i o n  to norma l  d r i nk i ng ,  b e f o r e  f u r t h e r  s t ud i e s  w e r e  c a r r i e d  

o u t o n  t h e  e f f ec t s o f  a l c oho l o n  Int" t a b o l i c p a thwa y s  o r  pa t t e r n s  o f  

a l c oh o l  me tab o l i sm .  

For s t u d i e s f r om Hb ·k h  o n l ,· b 1 ,)() d  a l c o ho l l e ve l s  w e r e  r e q u i r e d , 

the p rev i o u s  cl:t a p t er s  ha v �' .hm: n  t: Lv a d v an t ag v s  o f  �1 r a r i d  a nr .  
a c c u r a t e  b r t.' a  t lt  a l c o ho 1 t , . ,.; t r c p l  i l l' i ng t lw nc c t: �. , ; i  t y  1. or oh r a  i 1� i n �  
�1 l oo d  .<; amp ] ("; . S u c. h  b r e :1 L l l  t L· s r. s  lihl \' lw r e p e a t vd a t  f r e qu e n t  

i '1 t e r v a l s  o v e r  l o ng p c r i u d s  o !  L imt ·  \d t h n u t d i s c o "l f o r  t t o  t h e  s u h j •2c:  t 

und e r  s t u d \' a n d  t hv r e s u l  L <l l" c' i cmtL· d i a t t l V  a v a i L1 b l t  f o r  a n a l v s i s .  

e q u i l i b r i um b e t\v e e n  t h e  r a t v  u t  c n t r v  f r , , m  the gu t ,  t h e  r a t e  o f  
c' l im i n .J t i o n  ma in l y b v  thl' l i V L !"  a n d  t: h e  r a t e  o f  ..: q u i l  i. b ra t i o n  t. ' t r u ugh 

b o d y  w<:� t e r  c ompa r tm P n t s .  Tu t <1 l  b o d v  \va t v r i s  a p p r o x i n.a t e l y  t c- n  t i me �; 

g r e a t e r  t ha n th e b l uo d  Vl> l ume md a c c. o r d i n g l y  eq u i l i b r a t i o n t h r o ugh i t  

c a n  po t e n t i a l l y  a f f e c t ob s l r v� d  b l ood a l c oho l lev el s s i g n i f ic a n t l ) . 

4 . 1 .  2 �ody wa te r compa r tme n l a t i on 

B l oo d  a l c oh o l l ev e l s d e p e n d  b a s i c a l l y upon t h e  ano u n t  o f  a l c oh o l 

g i v e n and the t o t a l  v o l umt.: o f  \>la t e r  i n  t h e  b o d y  t h r o ugh \vh i ch i t  wi l l  

b e  d i s t r ib u t e d . Th er e i s  no r e po r t e d ev i d e n c e  o f  any p e rmeab i l i t y  

b a r r i e r s  f o r  a l c oho l t h ro u gh b od y t i s s u e  a nd o r gan s and i t  c a n  

p r e s umab l y  d i f f us e  t h r o ugh a n v  o f  t h e  bo d y wa t e r  compar tme n t s . 

The b a s i c s t ru c t ur 0 s o f  o r ga ns a t  t h e  c e l l u l a r l e v e l  sho\-1 c e l l s  

s e pa r a ted b y  th e i r m emb r ane s f r om a c e n t r a l c y l i nd e r  o f  i n t e r s t i t i a l  

f l u i d  t hr o u g h  wh i c h  b l ood ca p i l lar i e s pa s s  (Re e v e  e t  a l ,  1 9 6 7 , p 1 5 3 ) . 
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F rom t h i s  ge ne r a l s t r u c t u r e ,  t o ta l  body wa t � r  may b e  d iv i d ed i n to 

i n trac e l l u l a r  a nd ex t r a c e l l u l a r c ompa r tm en t s . 

Ex t r a c e l l u l a r  wa t e r i s  ma d e up i n  p a r t  o f  i n t er s t i t ia l  wa t e r  

a nd , i n  par t , o f  t h e  wa t e r  i n  t h e  b l ood c i r c u l a t o r y  s y s tem . The 

c a p i l l a r y c ompa r tme n t is p< H t  of t h t' b l o o d  c i r c u l a t o r y  s y s t em , b u t  t h e  
c e l l  a nd i n t e r s t i t i a l c onpa r t � � n t s  a r c  i s o l a t e d  f r om s im i l a r c ompa r t 

ment s i n  o th e r  t i s su e s  ex c e p t t hrough t !H' c i r c u l a t o r /  s y s t em . Th (· r e  

a r e  a l s o  c ompa r tme n t s  "'r he r e t lw wa l e r  l t .b p a s s l'd ,- r o m  c e l l s  i n to 

spec i a l i sed s to r a g ,, a r e G s , s u c h a s  t h L' h J nd d c r , the s p inal c o r d  o r  

i n to t h e  l ympha t i c  due t s . S u c h  \Ja t L· r  t ' Um p u r  tme n t s ,  a l tho ugh p . . H  t o f  

t h e  ex trac e l lular wa t e r  �ay be poo r l y  p e ne t r a ted b y  mo l ec ul e s u s ed i n  

the measureme n t  o f  e x t r ac e l l u l a r  vo l um e  a nd hav e b e e n  t ermed t r a n s 

c e l lular b y  Edelman ( 1 9 5 2 ) , A l l o l  t h e s e  c omp a r tme n t s  are es t ima t ed 

i n  the d e u t e r i um t ech ni q ue f o r  t h e  d L� t c r m i na t i on o f  t o t a l  b o d y  wa t e r  

a n d  pr e s uma b ly a r e  a c c e s s ib l e  t •) a l c o h o l . S omL o f  th e i r  r e la t ive 
s i ze s  in a n or r.1a l 7 0kg ma l v  o � r  •. · i nd i c a t e d i n  t h L' l o l l o w i. n g  d a t a  

o f  Ede lman : -

To t a l  b o d v  \Ja t L  r 

I n t ra c e l l u L 1 r  

E x  r r a c e l l u L1 r  

p l a sr:td '".t t L  r 

i n tL' r s t i  l i · t l  

t r .:Jn s c e l l t t l n r  

4�� l i t r t. s 
2. 3  l i L n : s  

1 9  l i t r e �  

:) . ') l i t r e s 

1 0 . )  l it r e s  

') . 0  l i t r P s  

4 . 1 . 3 �1e a s u  r emen t o f  \..Ja t e r  c ompa r tmen t s i z es u s_�_ a l coho l 

Compa r tme n t s i z e s  or d i s t r i b u t i o n  vo l ume s a r c n o rrnaJ l v  d · t e rm i ned 

b y  giv i ng a s ubj ec t a sma l l  d o s e  of a t r ac er c ompound and f o l l owi ng i t s  

ra t e  o f  d i sappearance f rom the  b l ood s t r eam . Concen t r a t i o ns i n  the  

sampl e s a r e p l o t t ed aga i ns t t ime and t h e  i n t e rcep t o n  the ord ina t e  o f  

t h e  ext rapo la t pd c urve e s t ima t e s t he d i s t r i bu t ion vo l ume ( Sh i p l cy and 

C l a rk , 1 9 7 2 ) . 

If  a s ub j ec t  i s  g iv e n  a rap id i n travenous injec t ion o f  a lc o ho l ,  

subsequ e n t  c ha nge s i n  b l ood a l c oh o l  l eve l s  through t o  comp l e t e  

equil ibr a t i on migh t b e  expe c ted to b e  i n f l uenced b y  t h e  ra t e s  o f  

d i f fu s i o n  b e twe en the three ma i n  \·Ja t e r  c ompar tme n ts o f  the body . F i gure 

4 . 1  i l l u s tra t e s  a c u rve of  b l ood a lcoh o l  c o nc en t r a t i o n  aga i n s t t ime 
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T I M E 

The expec ted bl ood a l c oh o l  c u rv e  r e su l t i ng f rom a r ap i d  i n t ravenous 
i nj ec t i on o f  a l coho l . Th e i nterc e p t s  C o l , C o 2  and Co3 are the 
r e s u l t s  of ex t rapo l a t i n g  l i ne ar nor t i ons of the c urve . 



7 3  

wh i ch m i gh t b e  exp e c t e d  f r om s u c h  an e x p e r imen t .  l1l i. s  c u r ve i s  

c omp os ed o f  t h r e e  po r l i o ns , e J c h  o f  wh i c h  may b e  l i nea r ly ex t r a p o l a t e d  

t o  t h e  o r d i na t e . T h e  f i r s t ,  g i v i n g  t h e  h i ghe s t  c o nc e n t r a t i o n i n  t he 
b lood , C o l , r e f l e c t s  eqtd l i b ra t i o n -vl i t h  t l H '  mo s t  a c c e s s i b l e poo l wh i c h 

i s  the b l o o d  '-''a t e r . The s e c o u d  s l u p c  C.! X L r a p o ] a l v s  to a l ower b l o o d  

c o nc e n t ra t i o n  r e f 1 L t t i ng t h e· s l u1.-t: r d i f f u s i o n  u f  ,, l c uh o l f rom L h c  

b l ood s t r e am i n to Llw i n t c· r c: <: l L I 1 . l r  \,·a t � r  c o m p a r t n , , · n t ( Ed e l man and 
�o o r e , 1 9 5 1 ) . The l u s t  s h p c  , • x t r i l P O l d l l' S t o  C cd ,  t h e l owe s t b l ood 

a l c oh�) l  l e ve l when t h e  c; l c <1 ! t ,1 1 ) ; .:ls ,· orru 1 L· t: •.• J y  L'q t. l l i b r a ted \v i th a l l 

the b o d y  wa t e r  poo l s . 

S uc h  e x p e r ime n t s  a r t• no t u sua ] l y  p e r t: o rmed o n  hurnan s ub j e c t s  

a l though a f a i r l y f a s t i n f u s i o n  tec h n i q u e  h a s  b e e n  used t o  i nduc e 

a l c o h o l  anae s t he s i a  ( Dundee e l  a l  1 9 70 ) . F o r  exp e r ime n t s d e s i gned to 

d e t e rm in e  r a t e s  o f  a l c oho l me t a b u l i sm in man , th e i n fus ion of a l c o!IO l 

usua l ly c o n t inue s u p  t o  two ho · tr s  ( \\ i U i ns o n  e t  J l  1 9 7 5 )  so t h a t  t hL• 
r e su l t i ng b l o o d  a l c oh o l  J i s t r i h u t i G l l  c u nl f.> �; do no t shm.; changes d m· to 

the d i f f e r en t  j ;l t P S  uf u i  fi u s i. u r r  i n t o  U ( l cl y  \va l e t l ' ( ··m;1a r tm en t s . Ha rP. 

e x p e r ime n t s  h a v e  t' <'e n c a r r i e d  '" l t  \ : i t h u r a l  J o �; l ' 'i o f  a l c oh o l  a nd t he 

t y p i c a l  s h a p e  o f  t i l l' s u b s c! q l lt ' fl l il l c •Ll l10 l u l s t r i b u t i. o n  c u r ve s  have b t.:C' J \  

d e s c r ibed by  l.Ji d rn<t r k  ( 1 9 3 2 ) . 'l ! J t.>. r . i s  < J n  n b so rp t i vc phase , d u r i ng 

wh i c h b l o o d  , J c oho J h· v l' l s r i s e  r a p i d h , ,.. o l l m:ed b y  an i n t e r me d L l t v  

phase \.Jh e n  t•q u i l ib r a  t i o n  b e t \,' L' l n b n d v  "'·' '' t e r  C llfTi ii a r  t m \•n t s  i s  t a k i n g  p l ac e  
n n d  s ub s e q u ,·n t ] y  a ,l e l i nr l n:� t i u n p h. t s c• ' ·: h i c h  a r iH', lf s  t o  h e  l i ne J. r a n d  

ha s b ee11 t C' rmeJ t tw " b e t a :.;] ,1 p l' "  b v  \H d m. t rk .  Th i s  s l op e ,  i f  e x t r a p o l a t e d  

to the o r d i na t e , c a n  g ivl'  a n  l' s l i m: t t l' < l f  t n l a ]  : t l c oh o l  d i s t r i b u t i o :1 

v o l ume . 

4 . 1 . 4 .  De r i v a t i o n o f  the W i d ma r k  � a ua t i u n  

In 1 9 3 2 , W i dma rk s ta t e d  tha t t h e l o l a l amo u n t  o f  a l c oho l rema i n i ng 

i n  t h e  b o dy a f t er a s p e c i f i e d  t im e  ma v b e  c a l c u l a ted f rom the 

c oncen t r a t i on of a l c oh o l in t h e  b l ood f r om the eq ua t i on : -

R p r 

\vh e r e  R i s  t he to ta l rema i n i ng a l coho l i n  rng ; 

( I )  

C i s  the c on c e n t r a t i o n  t 
of a l coho l i n  t h e  b l ood i n  mg/kg a t  t ime t ; p i s  body w e i gh t  in kg 

a nd r i s  the f r a c t ion of the body vo lume in whi c h  a l c oho l i s  d i s t r ibu t ed 

wi th the conc en t ra t i on C
t

. Va 1 ue s o f  r Her e de term i ned exp e r ime n t a l l y  
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by e x t r a p o l a t i o n  o f  b e t a  s l opes to the o r d i na t e  g i v i ng the 

conc e n t ra t i o n  of a l c o ho l in th e b l o o d  a t  zero t i me , C , in m g / k g . 
0 

The v a l u e  ob t a i ne d  i s  a t he o r e t i c a l b l o o d  a lc oho l conce n t ra t i o n \.J i th 

an a s sump t ion tha t a l l  t h e  a l c o h o l c o ns umed ,,, a s  a b so r b ed and 

eq u i l ib r a t ed t h r o ug h o u t t h E' b o d v  wa t e r  compar tm<· n t s  i ns ta n taneo u s l y  

a t  t h e  t ime a t  \vh i ch d r i nk i n g  l ' egan . Til l! v:1 lu e s  f o r  r �>Je r e  c a l c u l a te d  

b y  a r e a r r a n geme n t  o f  f ormu l a ( I ) : -

A 
( I I )  r 

where R i s  s ub s t i t u r .::d b y  A ,  the at:H )U O L o f  .:l l c oh o l  i nges t e d i n  

m i l l i g rams . The eq ua t i o n ma y b e  d E..! r i v e d  i n  the  f o l l ow i ng way . The 

d o s e  o f  a l c oho l g i v e n  to a s ub j e c t i s : -

A 

p 
mg / k g b o dy we igh t  

The c o n c e n t r a t i o n  o f  a l c o h o l  1w r k i l ogrJm o f  b o d y  \ve i g h t  i s  ob ta i ne d  
b y  d iv id i ng b y  the d e c ima l f ra c t i o n  ( W )  o f  t h e  p r op o r t i on o f  wa t e r  i n  

the b o d y . A l c oho l \·· i. l l  a l s o  b e  d i s t r i b u t e d  i n  l lw b l ood wa t e r , s o  t h a t 

b y  mu l t i p l y i ng b y  the d c c i r.w l f r :< c l i ,m t l f  , .. ,.a tl' r : n  t l w  b l oo d  (\-JB) , t h e  
concen t r a t ion o f  a l c o h o l  i n  v.·l J , l l L· b l ond , C ,  i n  r:1 1� /kg  i s  o b t a i ne d : -

C mg / k g  b } u Q J  
p 

h' B 
\� 

Th i s  f o rm u l. 1  c a n  b e  <2 X p r c s s L· d  I'lL r c  s i mp J .,, a s : -

c mg / kg b l ood 
A -
f) r 

v.1h er e j s the r a t i o 
\ .' t he f r d c t i o n o f  r -- o r  -

i.:B t l: e  t r a c t i o n  o f  

( I  I I )  

( I V )  

wa t l! r  i n  t h e �_ 
,., a t e r  i n  t h e  b l o o d ' 

Th i s  r a t i o i s  the s a m e  a s  h' i d r:1arL ' s  ra t i o s ,J t h a t r c a n  b e  

c a l c u l a t L·d f ro m  k nov: n  v a l u e s  o f  t h l' b o d y  \·Ja t c r  and b l ood wa t e r  

f r a c t io n s . Th e s e  va l u e s  haVl' b een c a l c u l a t ed i n  Tab l e  4 . 1  f ro m  b o d y  

wa t e r  co n t e n ts d e t e r m i ned by t h e  d � u t e r i um o x i d �  d i l u t i on t e c hn i q ue 

( \hddow s o n  a n d  D i ck e r son 1 9 6 4 )  ;Htd b l oo d  wa t e r  b y  th e F i s c h e r  r e a gen t 

on b lo o d s  d o n a te d f o r  t r ans f u s ion p u r p o s t· s  ( Dav i s  e t  a l  1 9 5 3 ) . F r om 

th i s  tab le , a r a ng e  o f  0 . 6 5 - 0 . 84 m i gh t b e  exp e c t e d  f o r  ma l es a n d  

0 . 5 9 - 0 . 6 7  i n  f ema l e s . 

B l ood a l c o h o l  c on ce n t r a t i o ns a r e  u s ua l l v exp r e s s e d  i n  mg / 1 00 ml and 

the b e ta s l o p e  mea s u r e s  the ra t e  of r emo v a l  o f  a l c oh o l  f rom t h e  b l ood 

in mg / 1 0 0  m l / 1  hour . The ra t e  o f  a l c o h o l me tab o l i sm i n  t h e b od y  c an b e  

c a l c u l a t e d  f rom b e ta ,  f i r s t l y  b y  c onve r t i ng f r om a vo l ume t o  a we igh t 
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'i'ABLE 4 . 1 Hi dmark r a t i o s  ( r )  c a l c ula t e d f rom k n own body wa t e r  

a n d  b lood wa ter v a l u e s . 

Bodv wa t e r  r. :� 

B l o o d  Ha t e r  g? 

�lin e x t r eme 7 4  

7 8  

"lin normal  7 9  

80 

Hax n o rma l 82 I I 
I 
l I 

m i n  

5 4 . 5  

. 7 4 

. 7 0  

. 6 8 

. 6 6 

. 6 5 

------- ----- --· 

� ln l c s 

tlt.' ·t n  f'l;! '{ 

') ') . l ( 2 

. HO 

. 7 5  . 7 8  

. 7 4 . 7 7 

� 7 2 . 7(, 

• 7 '+ 

--- _____ __ ___l_ ___ __ - ·--··- -

----
Fema l e s  -----

m i n me an ma x 

' 0  c; ! .I . _J 5 1 . 0  5 1  a 

. 6 J  . 65 . 6 7  

. 6 2  . 6 3 . r-. s  

. 01) . 6 2 . 6 3 

. 5 9 . 6 1  . 0 2 



b a s i s : -

1 0  mg/ 1 00 m l /_b.£ 
1 . 06 
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mg/ k g  b l ood I hour ( V) 

where 1 . 06 i s  an av er a ge d e n s i t y va lue for b lood . D i v i d i ng b y  the 

d ec ima l f r a c t i o n  o f  wa t e r  i n  t h e  b l ood ( �B) g i v e s  the rate of  removal 

from b l ood wa t e r , \vh i ch is t b ('  s aPlL' as t h e  ra te ol  removal f rom t h e  

body \¥a t e r ,  p r ov i d i ng c q u i l  i b r a  t iu n  b e t\vec n  the var io us cornpar tme n t s  

i s  rap id . Mu l t ip l i ca t i o n  b v  the f r a c t i on o f  wa ter i n  the  body ( W )  then 

g i v e s  the ra t e  o f  r emova L f rom the b o d y  in  mg / kg body we ight / h o u r . 

1b i s  i s  th e sam e a s  mu l t i p l y i n g  fo rmu l a ( V )  b y  t he Widmark ra t i o  r .  

A s im p l e r  me thod o f  c a l c u l a t in g  LhP ra te of me t abo l i sm i n  the 

b o dy is t h e  ex t r a po l a te the b e t a s l o p e  to the a b s c i s sa and ob t a i n  a 

t ime for z e r o  b lood a l cohol l e ve l s . TI1e d os e may b e  d ivided b y  time to 

give an ave rage r a t e  of e l im i na t i o n  f rom the body and d iv id ed ye t aga i n  

b y  body lve i gh t t o  ob t a i n  t h e  r a te i n  mg / kg body v:e i gh t / h o ur . Th i s  

me thod s h o u l d give id e n t i c a l l· .. : s u l  t s  t o  t h e  ca l c  11 l a tions i nvo l v i ng r 

d u e  t G  the r e l a t i o .1 s h i p  h • · LI·n" L' l1 t h · '  f u nn •J l <\(.· . 

4 . 1 . 5  The k i ne t i c s  o f  <d c o il o l  nw t a b o l i sm 

The b as i s  o f  t h e h' i d ma r k  c a 1 c u J a t i u n s  d cp L'n J  on t h e  a t; s ut:l p t i o n  

t h a t the L U rn i na t i u n  o f  ; 1  Lc oho l f r om t l 1 v  b o J y  i s  l i near o r  <1 ;�c ro 

o r d e r  p r o c e s s . I n  1 9 5 8 , Lundq u i s t · m d  ' ' • > L t]n, r s  '-l l lg ge s t e d  tha t 3 ::;  

a l c ohol H a s  c o t a b o l  i s c d  i n  t h e  l: i v L· r h !'  a n  c n z ym i c  p roc e s s , t h e  

e l im i na t i o n  f r or.1 t he b o d v  s h o u l d  c on f u r m  L n  �! i ch a e l i s-Hen t en k i ne t i c s . 

I n  the i·! i c h a e l i. s-�l l' n t c n  f o nn u l a ,  L i lL r n t l' o f  . l l c ohol  c n tab o l i sm V ,  i s  
c a lc u l a t e d  f rom : -

V 
Vm S 

Km + S 

whe r e  Vrn is  t h e  max ima l ve l o c i t y , S i s  the sub s t r a te conce n t ra t io n and 

Km i s  the sub s t ra te concen tra t i on a t  \·lh i c h  the veloc i ty of the reac t i o n  

is  ha l f  t h e  mnx imum ra te . Lundq u i s t a n d  \�o l ther s used th i s  form of  

ana ly si s  on th e t e r�i nal por t ions of  t h e  b lood a l coho l curves  and 

found a range of Km values to be b e tween 7 and 1 4  mg / 1 00 m.l w i th an 

ave rage a t  9 . 3  rng/ 1 00 ml and tha t Vrn var i ed f rom 18 to 27 mg/ 1 0 0  m l / h r . 

The veloc i t i e s  a t  var ious sub s t ra te conc e n t r a t i o ns wer e c a l c u l a t e d  wi th 

a Km of 7 or 14  mg / 1 00 m l  and a Vrn of 2 3  mg/ 1 00 ml /hr and are  presen t e d  

i n  Tab le 4 . 2 .  Hhen the se ra t e s  \ver e p l o t ted f rom a s ingle p o i n t  o n  the 
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TABLE 4 . 2  'The ve l oc i t i e s  o f  a l c o!1 o l  e l imina t i on mg/ 1 00 m l / h r  

\vi th a V max of  � 3  for t\,'0 va l ue s  L' f Km and var i o us sub s t r a t e  (b lood 

a l c oho l ) concen t r a t i o ns . 

[ s ]  
mg/ 1 0 0  m 1  

K r' = 7 

------------------ -------- -----

5 

1 0  

2 0  

3 0  

4 0  

s o  

6 0  

1 00 

200 

9 J· 

1 3 . 5 

1 7 .  0 

1 8 . 6  

1 9 . 6 

2 0 . )  

7 l . l 

2 1 . s 
') I '7 

!(ra = 1 4  

6 .  1 

9 . 6 

1 3 . 5  

1 5 . 7  

1 7 . 0  

1 8 . 0  

I o . fi  

' O  ' 1 ,.., . n 

2 1  . 5 
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o r d i na t e ,  t h e  lowe r Km c u rv e  s howed n o  s i gn i f i c a n t  d e p a r tur e f r om 

l inea r i t y b e twe e n  20 and 90 m g / 1 00 m l ,  b u t  a t  the h i gh e r  Km v a l u e  

a d i s t i nc t d e pa r t u r e  f r om l i ne a r i t y i s  ob s e r ved o v e r  t h e  s ame range 

( F i gu r e  4 . 2 ) . 

U s ing the mo d i f i ed a n d  <1 c c u r a t e  mc> t bods f u r  de t e rmi n i ng b r L· a t h  

a lc o ho l  c o nc e n tra t ions , i t  w n s  d e c i de d t o  r e- c xanine t h e  ab soro t ion , 

e q u i l ib r a t ion and e l im i na t i on o f  a l c t'll O l und e r l a b o r a t o r y c o nd i t i o ns 

w i t h s p e c i a l  r e f er e nce t o  t h e  k i nc· t i c s  o f  the in v i v o  r emo v a l  

mechani sms . 

4 • 2 �1ETH ODS 

4 . 2 . 1 .  S t ud i e s  on no rmal vo l u n t ee r s  

T h e  r e s u l t s  o f  t h e  b rea th t e s t s  f r om the p n : v i o u s  c h a p te r were 

i nc l u ded i. n  th i s  s t udy v:i t h t i l ·�· a d d i t i o n  o f  a f u r t h e r  9 f cm.:1 l e s  and 

5 ma l e s . Th e pa r t i c i p a n t s  \.Jt' l L' s t u d L' n ls or s t ..J f t nf t he u n i v e r s i t y ,  

no n e  o f  \.Jhom c o u l d  b e  c l a s s e tl t :->  :w a vv d r i nk e r s . 

An a l c o h o l  d o s e  o f  l g / Kg b o d y  wt· i �h l  w a s  g i v e n  d i l u t ..., d �i b i t um 

in l emon3 d e ,  to b e  c on s um�· d i n  a 20 - 30  m i nu t e rc r i o d , 1 - 2 ho u r s  

a f t e r a l i gh t l unc h . B r Pa th t e s t s  \w r t ·  per f o rm e d  a t  f r eq u e n t  i n t e rv a l s  

.:1 f t e r d r i nk i ng 1vas c omp l t> t e u s i  n �; L h e  C a r  l e  g<1s c l 1 r oma t o g r a p h . 

A l c oho l i c s  adm i t ted to h o s p i t a l  f o r  de t o x i c a t i o n  f r e q ue n t l y  hav� 

h i gh b l o o d  a l c oho l l e ve l s  on adm i s s i on . I n  th e maj o r i t y o f  t hes e ca s e s , 

a b s o r p t i o n  and eq u i l i b r a t i o n  wo u l d  b e  e xp e c t ed to b e  c omp l e t e so t h a t 

t h e s e  s ub j e c t s  m i gh t  we l l  be s u i tab l e f o r  the ob s e rva t io n o f  a l c oh o l  

e l im i na t i o n  r a tes . 

B l o o d  s amp l e s  were ob ta in e d b y  t he med i c a l  s ta f f o f  t h e  l o c a l  

h osp i ta l  f r om s u c h  c a s e s  adm i t te d  t o  t h e  de tox i c a t io n  w a r d . B l ood 

a l c oh o l  l ev e l s  were es t ima t e d  in the h o s p i ta l  lab or a t o r y  b y  a gas 

c h r oma t o g r a plt i c  me thod . Ana l y s e s  of b r e a th were mad e  w i th e i th e r  an 

A l c o lme t e r  o r  th e B r e a th a l y z e r  1 000 . I n  a s e l e c ted g r o up o f  pa t i e n t s  

a dm i t t e d  w i th b lood a l c oh o l  lev e l s  g r e a t e r  t ha n  2 5 0 m g / 1 00 m l , b r e a th 

t e s t s  wer e  made w i th t h e  B r e a th a l y z e r  1 000 a t  hour l y  i n t e r va l s  
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80 

throughou t the en t ir e t i m e  course u f  t he a l coho l e l imina t io n  pha se , 

�,rak i ng the p a t i en t  up d u r i ng t h e  n i gh t  i f  ne c e s s a r y . 

4 . 3  RE S ULTS 

4 . 3 . 1 . N o rma l vo l u n t e e r s  

Th e b l o o d  a l c oh o l  c u rv e s  r � su i t i ng f r om a n  ,1 l L· o h o l  d o s e o f  

1 . 0 g / Kg 3 re s hown i n  F i gure 4 . J .  The a b so r p t i o n  phase w a s  t: a k e n  a s  

the d r i nk i ng p e r io d  un t i l the u n :-> L' t  u f  t he ! J c ta s l o p e . This t ime 

ave raged two h0urs ( s . d . O . G 6 )  nnJ r a n g e d  f r om 1 . 5 to 3 . 5  ho ur s ,  Tab le 

4 . 3 .  Dur i n ,  the absor p t i on phas e ,  the b r ea t h a l coho l l eve l s  wer e  seen 

to  f l uc t ua te over r e l a t ive l y  sho r t  p e r io d s o f  t ime . The se p ha s e s  have 

b ee n  redrawn o n  a larger sca l e  f r om r ep r e s en ta t i v e  samp l e s  f o r  sub j ec t s  

5 and 8 i n  F i g u r e s  4 . 4 a a nd b resp ec tiv e l y t o  i l lus t ra t e  these 

f l uc t ua t i o ns . Du r ing the e l i rn i na l i o n  phas� , f l u c t ua t i o ns o f  th i s  

magni tude \v e r e  no t seen ( Fi eun' t. _ 'j rPd r<n·m f r om sub j e c t 5 ) . 

B e ta c l itr: i na t i o n  s l o p es '''C t"L' u h t a i n c d  i n  a l l ex c c � p t two f em:1 J c 
s ub j e c t s  and '<l l u e s  f o r t h l' \J i d r�; ' ' ' ·  r : . t i . , ,  r ,  \v:h c a J c u ] a t ed :J s 

p n'v i o u sl y t .k s c r i b c ,! ,  e x t r . J p o Ll t j n) '. t i l L  ! i t .< ' d r  ]JL) r l i. o n  o f  th e cu rvL: 

t o  t he o r d i na t e by l i ne o. r  r c g r e s . · i l  n � l !; a l y s i ;; ,  '! h e  r e s u l t s  a r e g i v e n  

i n  T<:�b le  �, . 3 .  Til i s  ra t io w <:� s  , l !> O V L' L I H  c a l c u l a t l' d  r <:� n ge ( Tab le L, . 1 ) 

i n  5 fema l e  and 6 ma l e  sub j e c t s . Ti ll'• mt:an v:d uL' f o r  r i n  the f i v e  

rema i n i n g  m:1 l e s w a s  0 . 7 5 ( s . d . O . ( l > ) . 

Tl t c  r a t t:' S  o f  c l i m i n.J t i o n  o r  i! l < ' ( ]10 J i nnn t l 1 L· b l u o d as s hown u y  

t h  be ta s lop · :1Veragcd 2 0 . 4  a n d  ! K . 8  mg / l OO m l / l l r  f o r  f ema l e s  and 

ma l e s  r e s p e c t i Y e l y  ( Tab le  t� . 4 )  vj i lh a r a n g L· f r om 1 7 - 20 mg/ 1 00 ml / h r  

i n  t h e  ma l e s . The mean r a t  � s  o f  e 1 i m i nLI t i on i n  mg/Kg b ody \ve i gh t p e r  

h o ur we r e  1 38 ( s . d .  3 2 )  a n d  1 4 :2  ( s . d .  1 5 )  f u r  f l:ma l e s  and ma les 

r e sp ec t iv e l y . 

4 . 3 . 2 . A l coho l i c s  

B l ood samp l e s  were taken f rom 3 1  a lcoho l i cs , bu t only 20  were 

s ui t ab l e  for  e s t ima t ing the b e t a  s l ope d ue to poo r ly spaced or  m i s s i ng 

spec imens . The s e  s l opes ranged f r om 8 t o  39 mg/ 1 00 m l  and appeared 

to be s l i gh t ly c urved in  s even s ub j ec t s .  A f i t  to  a logar i thmi c 

r e gr e s s io n , as sugges ted b y  Ib e r  ( 1 9 7 1 ) gave s l igh tly high e r  

corre la t ion c o e f f i c i ents  i n  four o f  these s even c a s e s  (Ta b l e  4 . 5 ) . 
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F i gures  4 . 3  a - g 

B l oo d  a l c oho l c u rve s f rom 20 h u�na n vo l u n t c: L� r s  g i v e n  an a l c o h o J d o s e  o f  
1 . 0 g / k g  b od y W l! i gh t . T h e  f i g u r e  t o  t h £• r i gh t o f  t h e i n t e r c e p t  o n  t he 
o r d ina te i s  t h <2 '.\' i d m.:J. r k  r a t i o ,  r 
f e r�a l e  s uh j e c  t n:' s p e c  t i  v e l  v .  

Thl' l l· t t e r s  rn o r  f d e  no r , •  ma l e  o r  
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TABLE 4 . 3  A lcohol d i s t r i b u t ion concen t r a t i ons and e s tima ted 

absor p t i o n  t imes for subj e c t s  g iven an a l cohol dose of 1 . 0 g/kg 

body we i gh t . Fema l e s , 1 - 9 ; ma les , 1 0- 2 0 . 

_Subjec t l·:e igh t Kg _Co mg/�_g r 
Ab sorption 

- _!ime , h r s  

1 5 5  1 3 7 7  Q .  7 3  2 . 0  

2 4 3  1 3 7 7  0 . 7 3 1 . 5  

3 4 8  1 0 9 4  0 . 9 1  2 . 0 

4 6 4  1 5 3 8  0 . 6 5 2 . 7  

5 7 0  1 3 7 7  0 .  7 2  2 . 2  

6 65  1 3 1 1  0 .  76 2 . 0  

7 6 5  1 55 7  0 . 6 4 1 . 7  

8 60 2 . 5+ 

9 60 2 . 8+ 

mean 58 . 6  1 3 4 (, 0 . 7 3 2 . 0 

s . d .  1 0 . 0  1 4 )  0 . 09 0 . 4  

1 0  8 0  1 1 9 5  0 . 84 3 . 5  

1 1 9 3  1 4 8 1  0 . 6 8 2 . 2  

1 2  85 1 3 30 0 . 7 5 2 . 0 

1 3  70  1 2 1 7  0 . 82 2 . 2  

1 4  7 6  1 307 0 .  7 7  2 . 7  

1 5  80 1 1 30 0 . 7 5 2 . 0 

1 6  8 2  1 4 00 0 .  7 1  2 . 0 

1 7  89 1 1 00 0 . 9 1  2 . 0 

1 8  80 1 1 8 4  0 . 84 2 . 2 

1 9  7 2  1 1 6 4  0 . 86 2 . 2  

2 0  6 9  1 1 4 7  0 . 8 7 1 . 8 

mean 7 9 . 6  1 2 59 0 . 80 2 . 3  

s . d .  7 . 6 1 1 8 0 . 0 7  0 . 5  



C]) c 
..Y c 

L 
u 

L Q) 
....... 
'+-
0 
tf) Q) 

....... 
::J c 
E 

w 
:z:: 
f-

Figure 4 . 4 a 

0 
N .,.-

0 
...--...--

0 0 
.,....... 

0 
m 

0 (f.) 

0 ['-... 

f6 

0 L.() 

0 -....:t 

--� 
�-----
I 
I 
I 
I 

0 0 0 ......- 0 m ......- ..---

BLO O D  ALCOHOL mg I 1 0 0 m l  

Rap i d  f l u c tuat ions in b lood a l cohol conc en trat ion dur i ng the 
absorp t ive phase in s ubj e c t  5 .  

9 0  



()) 
c 

� 
c 
L. u 
L. 
CJ ..... -
0 
lf) CJ ....... 
::J 
c 
E 

w 
2 
r-

F ig ur e  4 . 4b 

0 
N 

0 

0 
0 

0 <J) 

0 
CO 

0 !:"--

0 lD 

0 LD 

0 --t 

�� 

0 0 0 ..-- 0 en ..-- .----
B LOOD ALC OH OL mg I 1 00 ml 

Rap id f luc tu a t ions in b l ood a lc oh o l  conc e n t r a t ion dur ing the 
ab sorp t ive phase in sub j e c t  8 ,  

9 1  



Figure 4 . 5  
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A b lood a l cohol curve in the elimina tion phase shm�in g the absence 
of rapid f lu c tua t i ons , ( sub j ec t  5 ) . 



TABLE 4 . 4 Alcohol e l imin a t ion ra t e s  in sub j e c ts given an a l c oho l 

dose  o f  1 . 0 g / k g  b ody w e i gh t . Female s , 1 - 9 ; ma l es 1 0- 2 0 . ( 1 )  The 

l i near b e t a  s l ope of the b lood a l coh o l  curve ; ( 2 )  d a t a  f rom ( 1 ) 
conver ted i n to mg /kg ; ( 3 )  �1e tabol i sm t ime ob tained f rom the in tercep t 

o f  l inear extrapo l a t i on o f  the be ta s lo�e to the ab s c i ssa ; ( 4 )  Al coho l 

dose d iv i d e d  by me tAbo l i sl'l t ime ; ( 5 )  d a t a  f rom ( L, )  conver ted i n to 

mg /kg as d e s c r ibed in  the tex t . 

S ubj e c t  

1 

2 

3 

4 

5 

6 

7 

8 

9 

mean 

s . d . 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

mean 

s . d .  

( 1 ) 
mg / 1 00 ml /hr 

1 8  

2 5  

l l  

2 0  

1 7  

2 4  

2 8  

2 0 . 4  

5 . 7  

1 8  

1 9  

1 8  

1. 8  

2 0  

1 8  

20 

20 

1 9  

2 0  

1 7  

1 8 . 8  

1 . 1  

( 2 ) 
mp, /kg/hr 

1 2 4  

1 7 2  

9 4  

1 2 3  

1 1 5 

1 7 :? 

1 6 CJ 

1 3 8 

37  

1 4  2 
1 2 2 

1 2  7 

1 3 9 

1 4 5  

1 2  7 

1 3 4 

1 7 2  

1 5 1  

1 6 2  

1 40 

1 4 2  

1 5  

( J ) 
'I'o t a l  l1e tah o l i sm 

Time ( h r s )  

8 . 0  

5 . 8 

1 0 . 9  

8 . 0  

8 . 6  

� . 8  
6 . 0  

7 .  6 

l . 'J 

6 . 8  

8 . 4 

7 .  7 

7 . 0 

6 . 9  

7 . 9  

7 . 4  

5 . 8  

6 . 5  

6 . 2  

7 . 0 

7 .  1 

0 . 7 6 

( 5 ) 
g /hr 

6 . 9 

7 . 4 

4 . 4  

8 . 0 

8 . 2 

1 1 . 2  

1 0 . 9  

8 .  1 

2 . 3  

1 1 . 8 

1 1 . 0 

1 1 . 0 

1 0 . 0  

1 1 . 0  

1 0 . 2  

1 1 . 0 

1 5 . 3  

1 2 . 2  

1 1 . 6 

9 . 9  

1 1 . 4  

1 . 5  

( 5 ) 

mg /kg/hr 

1 2 5 

1 7 2  

9 2  

1 2 5  

1 1 7  

1 7 1  

1 6 7  

1 3 8 

32 

1 4 7  

1 1 8 

1 2 9 

1 4 2 

1 4 4  

1 2 7  

1 3 5  

1 7 2  

1 5 3  

1 6 0  

1 4 3  

1 4 3  

1 5  
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TABLE 4 . 5  Corre l a t ion coe f f ic i en t s  for regress ions o f  b lood 

a lcoho l l eve l on time b e f ore and a f t er logari thmi c trans f orma t ion . 

Case L i ne a r  
----

Loga r i thmic 

1 . 9 3 6  . 9 6 8  

3 . 9 3 4  . 9 7 4  

4 . 9 7 4 . 9 35  

1 1 . 9 9 9  . 9 9 4  

1 6  . 9 7 9  . 9 9 0  

20 . 9 4 8  . 9 80 

2 2  . 9 83 . 9 7 7  
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Only f ive sub j e c t s  were s tudied w i th t h e  Brea thalyzer 1 000 f rom 

high b lood a l c oho l levels  and in only one was the alcoho l curve 

markedly non-l inear ( F i gure 4 . 6 ) . A Lineweaver-Burk plo t o f  ra t es 

tange n t  to the s lope a t  var i o us b l ood a lcoho l levels sugge s ted a Km o f  

1 66 mg / 1 00 m l  and a Vm o f  7 1  mg / 1 00 m l  a t  h i gh b l ood a lcoho l l evel s .  

A t  low bl ood a lcoho l l evel s ,  the Km wa s 1 4  mg / 1 00 ml and the Vm , 

2 7  mg/ 100 m l /hr . The r e  was sugges t ive ev i d e nc e  for  a s imilar curve i n  

one o ther subj ec t ,  b u t  the po i n t s  wer e  s paced too far apar t ( Fi gure 4 . 7 ) . 

The rema ining three sub j e c ts showed no e v i de nc e  o f  non- l i near i ty ,  b u t 

t he re were large f lu c tua t ions in two wh ich wer e d i f f i cu l t  t o  exp l a i n  

( F i gures 4 . 8 and 4 . 9 ) . I f  there were n o  exper imen tal o r  recor d i ng 

error s , these var ia t ions may have r e f lec ted apparent d i f ferences  i n  

me t ab o l ism , p o s s ib ly due t o  poor d i f fusion o f  alcohol thro ugh wa t e r  

c ompa r tme nts in  the per iphera l t i s sues wh i l e  the s ubj e c ts were a s l e e p . 

4 . 4 DISCUSS ION 

Delays in the ab s or p t i on of an a l coho l d ose of 1 . 0 g/kg were 

marked in many cases  and inves L i ga t i ons i n to such delays as wel l a s  

t h e  f luc tua t i ons in  observed b r ea th a l cohol l eve l s  are described i n  

t h e  nex t chap ter . 

The pre-b e ta e l imina t ion phase i nc l udes  a per iod o f  equ i l ibra t i on 

wi th the  total  b ody wa ter . The e f f e c t s  of  s low eq u i l ibra t ion ma y be  

seen whe r e  the  b lood alcohol  curve r i se s  temporar i l y  above the maximum 

a t tainab l e  f or a given d i s t rib u t i o n  vo l ume . Such ini t ia l  h i gh l eve l s  

were seen f ive s ub j e c ts ( 1 ,  6 ,  1 4 ,  1 8 ,  1 9 )  and sugges ted tha t 

ab sorp t ion i n to the b lood had been f a s ter tha n  d i f fu s i o n  ra tes be tween 

the b lood and b ody wa ter c ompar tme n t s . The r a te at  wh ich th is d i f f u s ion 

takes place w i l l  depe nd on the concen tra t ion gradients b e tween t h e  

d i f ferent compar tme n t s , t h e  permeab i l i ty and surf ace a r e a  o f  t h e  membranes 

separa t ing them and the volume of b lood f low per mas s  o f  t i s su e . A high 

propor tion o f  the to t a l  equ i l ib r a t ion w i l l  o ccur from the c ap i l lary beds 

w i th the f avourab l e  sur f ace area to v o l ume r a tios and r el a t iv e ly l ow 

b lood f low r a tes . H owever , f rom d i s tr i b u t i o n  da ta on b lood vol umes i t  

has been shown tha t only a sma l l  frac t ion o f  the to t a l  b lood v o l ume i s  

contained in  the cap i l lary b ed s  ( Reeve e t  a l  19 6 7 ,  p 3 1 1 ) . B lood f low 

thro ugh cap i l laries  is a l so dependent  upon the opening and c lo s i ng o f  

the ar teri o-v e nous anas tomoses o r  precap i l l ary sphinc ter s , (vasomo t ion) , 
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3 00 

Figure 4 . 6  

A b l ood a lcohol  curve from an a lcoho l i c  showing narked non - l inear i ty . 
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s o  t hat i n  a pa r t i c u la r t is s ue , t he b l ood f l ow ra t e d oe s  no t 

ne c e s sa r i l y  co r re s p ond t o  t he p c r f us i o n r a te a n d  h e n c e  the a l c oho l 
d i f f us i o n ra te f o r  the c ap i l l a r y  bed . Th ,, p r ob l em �v i t h  a l coh ol i s  

c ompound ed s i nc e  :i t  can a c t  a s  e i the r :1 v a s o c o n s t r i c to r  or 

asod i l a tor  ( De nge r i nk e l  a l  1 9 7 8 ) . 

ExpL r i me n t s  ,] j  t h  d eu t e ra t e d  r,,,a t ..: r  i ; 'l V (' �- ho\.T! tha t th 2 r a t ._ o f  

e qu i l i b r R t i o n  i n to t h e  e x trace l l u l a r  wa t e r c omp a r tme n t s  i s  u ne x p e c ted l y  

rap i d  i n  3 0  s e ..::o nJ s  ( Edl' l r.t.:m c L  a l , 1 9 5 2 ) . b u t  j t i s  mu ch s l mJ e r  w i th 
the i n t r ac e l l u lar \·la t e r  c omp o r tme n t s  a nd may t a k e  b e t\vcen 20 t o  6 0  

m i nu tes . f ter i n t r aveno u s  i n j e c t i o n  f o r  e qu i l i b r a t i o n  t o  b e  c omp l e te 

( P i nson 1 9 5 2 ) . W i t h  o r a l  d ose s of d e ut e r ated wa t er , ab s or p t i o n wa s 

f o und to b e  l inear wi t h  t ime , b ut i t  t o o k  1 5 0  mi nu t e s f or e q ui l ib r at i o n  

a f t e r two l i t r e s  o f  f l u i d  wer e i n ge s t ed a n d  sho r t e r  t ime s wi d1 sm al l  

vo l umes ( P i n s o n  1 9 5 2 ) . H owev er, thL' d i f f u s ion o f  \·J<l t e r  d e p e n d s  on the 

h y d ros t a t i c  and c o l l o id o smo t i c p r c s s u r l' s on t! i t h � r  s id e  o [  c a p i l l a r i e s  

( F l cxner '-' t a l  1 9 L 8 )  wh i l e  t he J i f J us i or ,  of  a l c < ) l; o l J e pe n J s  u p o n t h e 

c on c ut t r  .... t i. t' n  g r a d i L n t .  

A 1. c o i l o 1  t.·q u i l i h r tt t i tl ll l'X [ · l' t· i m t n t c> : . t v c  l1L L'I1 l ' C' r i' o nn..,d o n  

J n ·  e s tlw L i s c d  en s  b y  E g <• I L' t o n  ( 1 9 4 0 ) . l ' q u j } i b r a t i o n  \·Ji t h  r.1u s c l e t i s s u .. � 

t. ook 30 m i nu t e s  und a l i near tl L c l i n c  in b l ood a l c oho l l ev e l s  \.J a s  no t 
s ee n  un t i l  a p p r ox iiT':> te l y  one and a q u a r t. L  r h o u r s  a f tt:.· r  t h e  i n t raveno u s  

i nj ec t i O rl  o f  <Ll c o h o l. Th i s  s u g g e s t e d  t h a t t l w  i n c n· a s c d  d c l .:J y  wa s d u e  

r: o t he s l t�,.; e q u i l i b r o. t i t n h' i t . t t lw t r .:-� n c, . .. , l l u l a r \·! a t c r  compa r tme n t . I t  

i s  pos s i b l e  t h · l t  s cn�e o r g:ms .l!ld p a r t 1 c l t h r l y  m u s c l e s , r.1ay shm.; d i f f e r e n t  

r a t e s  o f  d i f fu s ion a t  v a r i o u s  t ime s d u r i ng t hr o.b so r p t i o n and 

e l imi na t i o n  of a l c oh o l . B e c a u s e  o f  th i s ,  b l ood a l c oho l leve l s  m ay 

a c tu a l l v r i s e  d u e  t o  an i n f l ux of : J l c o h o l f r om a p rev i ous l y p o o r l y  

pe r f usec! t issue . S uch change s d u e  t o  rL' -d i s t r ib ut i on e f f e ct s  we r e  

s hown b y  G r uner e t  a l  ( 1 9 5 8 )  i n  s ub j e c t s  w ho s t ood m ot i onl e s s  f or 1 5  

m i nu t e s  f ol l owed b y  5 m i n u t es exerc i s e . 

\fu i l c  t he b l ood al cohol l !.!ve l s  H i l l  b e  hi gher than e x p e c ted f r om a 

g iven d o s e , i f  d i f f u s io n  of al co hol f rom t he b lood i n to the b o d y  w at e r  

p o ol s  i s  d e l ay e� t he r ate o f  e l imi n at i on f r om t he b l ood wi l l  ap p e ar t o  

b e  hi gh b e caus e of t he comb ined oxid at i on r ate in t he l iv e r  and t he 

l o s s  d ue t o  d i f f us i on i n to t he t i s s ue s . U nde r t he s e  cir cums t an c e s ,  i t  

is pos s i b l e  t hat t he b e t a  s l ope s  wil l n ot b e  l i ne ar t hr oughout the 
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t h e  e l imi n a t i on pha se . Ex t r a p o l a t i on o f  the e 3r 1 y  p o r t i ons o f  s uch 

curves wou l d y i e l d  h igh va l ue s f o r  the c o n c e n t ra t i o n  at the o r d in a te 

and c ons e q u en t l y l mv values  f o r  the t o t a l  b od y  vla l: e r . The g e ne r a l  

t e ndancy i n  t h e  exr e r ime n t a l r e s u l t s , h ov..re · e r ,  h a s  b e c· n t o  f ind h i gh 

va l u e s  f o r  the W i dma r k  r a t i o ,  r ,  deno t i n g  l a r g o  d i s t r i b u t i on vo l u mes . 

Th i s  h a s  b e c� n a c oonon p r o h l ern i n  rt<my �1 l c oho l s t ud i e s  ( Lu nd s gaa r d 1 9 5 3 )  

rtn d  i t  imp l i e s  t h a t t h e  t r a c t i o n o f  \.Jt1 t v r  i n  t h e b o d y  i s  grea t e r  t h an 

no rma l .  Fo r examp l e , a r a t i o  o f  0 . 9  v.· i t l l rt no rma l b l o od vm t e r  c o n t e n t 

o f  80% c o r r e s po nd s to a \v3 ter v o .l umL' o f  7 2 % o f  b o d y  He i gh t . S uch 

f i g u r e s  are w e l l  ou t s ide phy s i o l o g i c a l  va r i a t i o n s in norma l s u b j e c t s  

s o  tha t some o t her fac tor mus t h a v t• b e e n  r e s p o ns ib l e  f o r  the ov e r 

e s t ima t io n  o f  t he r a t i o . 

Th e impo r tance o f  the \H dma rk ra t i o  i s  seen in s tu d i e s  on t h e  

ra t e s  o f  a l c o h o l  me tab o l i sm i n  t h e  bod y . I t  h a s  b e e n  s hown tha t there 

a r e  t\·:o m<c' t h o d s  f o r c a l c u l r, t i n g  L l w s e  r a t e s  o f  I!W tabo l i sm . Thl! s i mp l es t  

i s  t o  ex t Li p o l a t e  t h e  b e t ;J s l o ;, c� t (l  l h c  a b s c i s �; a  to g i ve t h v  t i m e  whe;1 
zero t) l o oc� a l c o h o l l vv e l s  :HL� ;1 tt :d ncd , i g n o r j n g  the s l m..re r r a te o f  
r <.;mov<1 l a l  l oh' b l oo d  a l c .llH-., 1  l l ' •: · · l :--; . 1 L  t'l l gh t  h l' mo n ·  c o r r P c t t o  �; ;J y ,  

i n  t h i s c :1 c; e , t ha t  t h i s  Ir<• thod �l< · . t s u r v s  L ; K'  ; VL' r a g r- r a te o f  r em o v a l 

f rom the b c,d y .  Th e a l t c rna L i V l' m u l t i p l i t> s  L t w r .:-t t c  o f  e l i m i na t i o n  o f  

a ] c o h o l  fn•m t h e  b l o od b y  the \ .' i. tlm<lrk r il t i o . TI 1 c  t<-10 r:Je tho d s  g iv e  

i J c n t i c a 1 r e su l t s  i f  t h e.  \ <1 1 U L' n f  r u s l' d  i ;c; t h ,J t J e t P rmi ncd f rom t h e  
r c s u  t s ,  e v e n t h o ugh i t  ma ....- b L  o I t s i d v  p h · · s  i ( l l < > g i c a l  b o und s . Th e 

s ub s t i t u t i o n o f  a r. o t-ma l :1 nd l l '\vC r r v a l u e w i l l  r e s u l t i n  a d i s a g r e (,mc n t  

h e t\H?.en tl l e tHo c a l c u l a t i o n s . 

A c ommon f a c tor in t he se c a l c u l a t i o n s  i s  t h e  amo unt  o f  a l c oho l 

i nges ted and  t h e y  a r e  o n l y  val j d  i f  a l J  the a l cohol g i ven i s a b s o r b e d  

i n to the b lood- s t ream . I f  s ome is me ta b o l i sed i n  the g u t  o r  exc re ted 

i n  the f a e c e s  t h e r e  would b e  a d e f i c i t i n  the b l ood lead ing to f a l s e ly 

h i gh volume f o r  the b ody water c o�pa r tmcn t . S o u thga t e  s ugge s te d  i n  1 9 2 5  

t h a t a c o n s i d e r ab l e frac t ion o f  the a l c o h o l i nge s ted nev e r  e n t e r s  the 

b l o ods t r e nm . H i s  f i nd i ngs shmJcd tha t a l c oho 1 wa s ads orbed r a th e r  

than me tab o l i s ed i n  faeca l suspen s ions , whi c h  s ugge s t e d  tha t �1e 

ab s en c e  of a l c oh o l  in th e lowe r gut doo s no t ne c e s sar i l y imp l y tha t 

a b s o r p ti o n  i s  c omp l e t e . Whi le  the remov a l  o f  a lcohol f rom the b l o od 

i s ma in ly by ca tab o l i sm in the l iv e r  and k i d neys , the nex t  mos t ac t i v e  
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t i s s ue s  a r e tho s e  o f  t h e  s t oma c h and upper i n t es t ina l trac t .  The 

e x t e n t  of oxid a t i on a t  t hese  s i tes  i s  no t knm·m b u t t he e nzyn1e 

ac t i  vi  ty of the s tomach averages  abou t o n e  t\.Jen t i e th o f  the 1 i ver 

( V o n  Wa r tb u r g  1 9 7 1 ) . If  t h e  w� i gh t  o f  t h e  s t oma ch i s  o n e  q ua r te r  

t ha t o f  t he l i v e r , then t l t e  .:l p p r o xima t c  r a te o f  o x ida t i o n  \vo u l d  b e  

0 . 0 1 2 5  o f  t h e  to t 1 l  r a t e  o [  a 1 t. o h o l o x i d a t i o n  f o r  t h e  \vh o l e  b o d v  o f  

7 - 1 0  grar:1s p e r  h our . I t  i s  un l i i:r.: l y  L h a t s i g n i f i c a n t  <Jmou n t s  o f  

a l c o h o l  a r , , me t 2b o l i s e d  b c f o r L  ,: n t r y j n L o  th e b l o od s t r e am . 

The smal l  amo un t s  o f  a l c o: w l �' x c r l' C L' J  un c h anged i n  t h e- h rr � a t h ,  
u r i ne and swea l (Ledermann 1 9 5 6 )  u r i g i n<� l v  f rom t h e  b l ood . The s e  

l o s s e s  r e p resen t o n l y  sma l l  f rac t io n s  o f  t h e  to ta l  e l imina t ion o f  

a l cohol f r om the b ody . Th e y  make n o  c o n t r i b u t ion to l o s s e s  o f  a l cohol 

b e f or e  absor p t ion i n to the b l oo d s t r e am . 

Lower r v a l u e s  a r e  ob t a i n � d  i f  dte b e ta s l o p e i s  i nc r eas ed b u t  

s u c h  a proc edure r e q u i r e s  s o m e  j us t i.f i c a t i o n . Th i s  may be pos f.> i b l e i f  

there \Ja s  a c o n t i nu<.� l  i n f l �1x o f  a l c o h c. ] f rom the gut d u r ing t �1 e  

e l im i na t i o n  pha s e  Hh i c h  p:. r r i < t l l y  <.l f ! s t� l  t i le  r a t e  of e l i m i na t i o n  to 

iaak e  it d p pe a r  t h .:1 t  the lw t;l s l ,•p l' lv• l S  1 i •w :1 r . Hi1 i l ,, t.h i  m a y  b e  a 

p o s s i b l e  exp lana t i on wh e r L' t h v  b e t a  s l c • i ' < ' S  w e r e  o f  sh o r t dura t i o n ,  i. t  

s e em s  u n l i k c l v  wh e r e  th e v  �o u l d  b l' u b s c r v � d  ov e r s evera l hou r s . Th i s  
] e av e s  t h e  po s s i b i l i ty t in t t h e· e l i m i n a t i o n r a t e  i s  no t l i near ov er 

L h e en t i r <.' L ir.K' C <) u r s e  o f  ; l l c ol t n J. 11\P t a l J , , i i sm ,  b u t  t ha t  t h e r e i s  .�, n 

i nc r l:�l S L,d ra t e  d u r i n g  t h e  < . t r l �  s t ; t i�I. ' S , p l r t i c ul a r ] v a t  the  t in1<2 o f  
t h e  c> q ui. l i. b r a t i o n  p h a s e  I·Jlwn t l w  b l o o d  l ,• v e l s  a r e  s ub j e c t t o  cb .c! nges  

d u e  t o  i n f l ux f r om the  go s t r o - i n t , >n i. nn 1 t r a c t and c•(' t li l ib r a t i o : l  <.v i l h  

t h e  body ' . .:a t e r  pool s .  I t  i s  < l l t h l' S C' t i lll l ' S  th a t brea th  or b l ood te s t s 

a r e  mo s t  u n r e l i a b l e  f or e s t imn t i. ng c l j m i ni1 t io n  ra t e s . 

l-ia r s ha l l  a nd Owe ns ( 1 9 5 5 )  d iscusscd t h e  p ro b l em o f  an over

e s t ima t ed r va l ue in ma l e  mi c e  .. wd s ugge s te d  tha t i t  c ould b e  d ue to 

rap id me tab ol i sm i n  the f i rs t hour G f t e r  adm i ni s t r a t io n . N e l son et al 

( 1 9 5 7 )  \Je r e  no t ab le to suppo r t  th i s  c oncep t .  Hm.,rever ,  they had u s e d  

female  m i c e o f  a w i d e  we igh t range a n d  h <.� d  f ou nd tha t  t h e  r a te o f  

me tab o l i sm was d i r e c t l y  r e l a ted  t o  t o ta l body wei gh t . Ano ther f a c t o r  

whi ch had n o t  b e e n  c o n s i d e red was the pos s ib i l i ty tha t the homogene i ty 

o f  m i c e  c om ing f r om c l o s e d  c o l on ies w i th a c o ns iderab l e  degree  o f  

inb r e e d i ng c o u l d  r e s u l t i n  a l o s s  o f  v a r i ab i l i ty i n  t h e  way a lcoho l was 



1 0 3  

me tabo l i s e d . Fo r ney e t  a l  ( 1 9 6 2 )  a l so f ound a n  i n i t i a l  r a p id ra t e  

o f  a l c oho l me t ab o l i sm i n  m i c e  b u t sugges ted t h n  t th i s  w a s  c o n f i ne d  

t o  the f i rs t t h i r t y m i nu t e s  a f t e r  t h e  a l c oh o l  w a s  g i v e n . S u p p o r t f o r  

an i n t i a l  r a p i d ra te o f  ox i d a t i o n  c a n n o t h e  f o und i n  wo rk u s i ng r a t  

l iv e r  s l i c e s  (Nas o r o  e t  �ll 19 5 3 ) , b u t  Thurma n e t a l  ( 1 9 7 5 ) f o u nd t h a t  
t h e  r a t e  o f  me tabo l i sm \·:;1 �� d e !' � nd a n t  o n  the ·d c oh o l  t · o n c c n t r a t i o n :i n  

p e r f u s e d  ra t l iv 0 r . 

�le,,·ma n e t  a l  ( 1 9 3 7 )  l 1 . tve s l l l1\·il1 th.:J t tht' b e t a  s l o p e s  i nc r ea s e d  

\.J i t!l l a r ge r dos L' S  o f  a l c o h o l  i 11 d o r; s , b u t  r lw j r T (� s u l t s d e p end �d o n  

f i t t i n g  s t r a i g h t l i ne s  to \ ' i d c-1. )  -; pa c l! d  po i n t s  wh i c h  co u l d  e q ua l l y 

we l l  b e  o n  c u rve s . Egg l e ton ( 1 9 4 0 )  i n  a much mo r e  c a r e f u l l y  

con t r o l l ed e xp e r im e n t  \v i th c a t s  �; ! t gg e s t e d a d o s e  r e l a ted me t a b o l i s m ,  

bu t o n l y  a t  h i gh b l ood a l coho l L eve l s . H e r  f i gur e s s h ow an 

e x p o n en t i a l  dccav f r om 300 to l OO mg / 1 00 ml of b lood wh i c h  wa s 

appa re n t l y  l i ne a r  b e l ow a h l oL' c l  ] L' V l' l () f 1 00 mgi l OO m l . The c u r v e  

wa s r ema rkab l. y s Lmi l a r  l u  th a t  f o u nd f o r  one  <1 l cohol L c  i n  t he 

pr e s e n t  :.; t ud y  ( F i \ · u re 4 . t • ) . L < H)t: i �; , ( ! <J'JO)  u L; i n�_-; :m i n t r�1 v '- no u s  

in [ u s i o n t c' .. : h r. i q u L' , w0 s I�n t ; ! h l v  t < ' s J H ,I-.' anv c h<m g � s  i n  t h e  ra t e  o f  

e l i m i n:l t i o n o f  a l c ohol :.� l  l> l o o J  l t · \' L• l s  lh: t'..J l' t" n  2 0  anci 2 50 m g / 1 00 m 1  

i n  d o gs 1vh e n  t il L'  r :.� t e  o f  i n f u s i o n  h' U S  ;� d j u s t L' d  t o  ma i n t :1 i n  a c o n s t a n t 

b l o o d  3 1 c oh o l  l t'\' C' l s , b u t  I'cin•:• :1n v t  a l  ( 1 9 77)  s hmved G f .:1 s t e r  r a te  a t  

h i g h b lo o d  a l c olw l l ev c• L s  i n  r 1 t ,.;  \·: i t h :1 s i n. i h r t e C i l l1 i 'l UL' . \�h en t h e  
b l oo d l tc:v c l s \.JC r c  i n  t!w r ;m g c• I .l ��  - :2 7 6  mg / l OO 1r l . c h c  r a t. '-' o f  

me t a b o l i sf'l \·7 a s  !d ,;,g / l i t r .. / � 1 r  d t ' d  h e h 'l·! l JP. r. l)!./ 1 00 1, 1 ,  t h e  r 3 t L� \-.' <I S  

o n l y  J !, mg/ l / h r . 

I n  s t ud i e s  o n  huma n s , Go l d h e c� ( 1 9 5 0 )  f ound tha t the b e ta s l o p e s  

ro s e b v  507� 1.;he n t h e  a l e  1!1 0 l  d t> S l!  I.Ja s  i nc r e a s ed f rom 0 . 5 t o  l .  5 g/kg . , 
w h i l e  L.:1 r s e n  ( 1 9 5 9 )  showed l owe r b e t a  s l o p e s  w i th a 0 . 2 g / k g  dose . 

�1or e r e c e n t ly , F e i nrnan e t  a l  ( 1 9 7 7 )  f o un d  a 2 2% f a s t e r  r a te in a l c oh o l i c s 

wh en t h e  b lood leve l s  we r e a b o v e  7 0  mg /1 00 m l  and 1 1 % f a s t er i n  n o rma l 

c o n t ro l s . 

H'h i l e  the l i t e r a ture a p p e a r s  c on f us ed over the r a t e  o f  a l c o h o l  

me tabo l i sm a t  r e l a t iv e l y  h i gh b l o od 3 l coh o l  level s ,  t h e  M i chae l i s -Me n t en 

k i ne t i c  e f f e c t a t  l ow b l ood a l c o h o l  l e v e l s  has b e e n  c l ea r l y  d emon s t r a t e d . 

Wagn e r  e t  a l  ( 1 9 7 6 )  shm.red t h e  d e p e nd e nc y  o f  the ob s e rved r a t e  o f  

me tab o l i sm o n  d o s e  a t  l ow l e v e l s ,  by g i v i ng sub j e c ts 1 5 ,  30 , 4 5 ,  and 
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6 0  ml  of 9 5% a l c oho l  and ob ta i n i ng a v e r a g e  b e ta s lo p e s  o f  7 . 4 ,  1 2 . 1 ,  

1 3 . 7  and 1 4 . 7  mg / l OO ml  / h r  r e s pe c t iv e l y . \.Jhen non- l i near ana l ys i s  o f  

th e a l coh o l  c u rv s was m<1 d e , t h e  r esu l t s c o n f o r:n<:J t o  e nzyme k i ne t i c s 

\.Ji t h  a c o n s t a n t  Vm a nd i<I'l for each s uh j t.- c t i r r L:spec r i ve o f  t h e  s i ze 

o f  the a l c oh o l d o s e . Th e l mv b d. :1 s l op (· s  f o und by L1 r se n ( 1 9 5 9 )  and 

t h e  s t ud i e s  o f  Go lcl b er g ( 1 9 5 0) ,_,•l t i c h h<� V f'  p r c v i u u s l y  tJ L! e n  c i ted , may 

b e  ex p l a i ned i n  t h i s  h'a y . S i r:1 i Ln l y , ;J ll ea r· U ,2 r  �; t u d y  (Couchman 1 9 7 4 )  
11here a n  a l c o h o l  J o s e  o f  0 . 4 g / k g  '.·ILl S g i v L' n  s h t)Wc'd b e t <:�  s l o p e s  b e tween 
7 . 3 and 1 6 . 0  w i th a n  av e r a ge 0 f  1 � . 0 mg/ 1 00 m l / hr . E xam i na t i o n  of t h e  
a l coho l c u rv e s  f r om t h i s  s tudy sh (l\,' c d  L l ! .1 t  l i nl':J r  po r t i o ns o f  t h e  b e ta 

s lo p e  o c c u r r ed be tween b lood l eve l s  o f  2 0  a n d  40 mg/ 1 00 ml . The 
e xp ec ted r a t e  o f  me tabo l i sm at t h e  mean s ub s t r a te l ev e l  wi th a Vm o f  

2 3  mg / 1 00 m l /hr and a Km o f I L, mg / 1 00 m l  wo u ld b e  1 5 . 7  mg / 1 00 ml / h r . 

f rom the pre sent s t udy , the b e ta s l op e s  we r e  f i t t e d  n t  an average b lood 

::1 l c o h o l  l e ve l  o f  80 - l OO I'lg / 1 00 Pt l .::t nd :t t t h ] s ,, ub s t r a te c o nc c> n t r :1 t i on 

t h e  exp e c t e d  r::1 t o  o f  mc t a b o l i s'" \IO t t l d  b e· 70  t:�g / 1 00 m l/ h r . 

Th:: c o nc e p t  o f  non- l i ne :t r  ' l i ·t i na t i " n a L t ll " : ;  t\n•  t r od i t i on ; t l 

\� i d ;: • <.� r k  ;1n�1 l y s i s  , • s  t h e  b e Ll s l .1 ] ' '  twl 'd  n o t h t · v : � t r n p<d < t l�. :d l i ne a r l y ,  

b u t  :nay c u r v e  u p•. ;d r d ,  d c' jll � nd i n � U ! l Lhc• ' i l l ue o r  r:m . I f  t lw �1 1 c h a e l i s 

�1e n t e n  k i ne t i c  a p proach t o  l l w  ['l t' l l Ut• o l  o v e n· �; L l rt:! t c.; J  bod y 1va t e r  

v a l u e s  is us e d , L h (' n  Km ;·nt s t  h e  i tw r v :l ·: �· J  a b o v e  t h e  p r L• v i o u s l y  

p t tb l i shL• d  r e s u l t s l ' f  L u ncl 'i ' I i s �. ;l ! Hi \·In 1 t lu· r s  ( 1 9 S c )  o 1· Hagnl' r e t  1 l  

( J 9 7 6 )  . T: 1 e  .:mp!w s j  s o f  t h es l' all  t < � u r  s ·.,·�t s o n  L i � <  t t: rrt i na l p or t i on s 

el f t h e  a l c ol i L) l  u r v e s \.:h v r e 3 s  i n  1 ! tL' p r L· �; <· n t  s t u c.l v , t l t t:: a l c o h o l do s e 

h a s  b e e n  h ig lw r ,  1-.ri th cons e a u c n t l v h i gtt•• r i n l i a l b lood al c oho l l ev e l s . 

The s i gn i f i c a nc e  o f  t h i s  . l p p ro<� c h  m.:t y b e  f o und i n  the 1vo r k  o f  L i  
e t  a l  ( 1 9 7 7 )  1,•ho hav e d e s c r i b e d  a s e con d a l c ohol d ehyd rogenase ( I I ADH ) 

\vi th a h i ghe r Km value , i n  some sub j c c  t s . Hh i l c there has b e en some 

c o n s i d e r .:1 b l e  d i scuss ion ov e r  the induc t i o n  o f  a microsomal a lcoho l 

ox i d i s i ng sys tem \vi th a h i gher  Km i n  s ub j t!C t s  d r i nk ing exc e s s ive amo u n t s  

of a lcoho l r e g u l a r l y , (L ieber et  ti l  1 9 7 3 ) , t he po s s ib i l i ty ex i s ts  tha t 

a p r opor t ion o f  norma l s ub j e c ts arc  ab le  to me tabo l i s e  a lcoho l a t  a 

f a s t e r  r a t e i f  the a l coho l dose i f  h igh enough . I t  d o e s  no t seem 

p o s s ib l e  to give a l c oho l d o s e s  much h i gh e r  tha n l g / kg to sub j ec ts Hho 

a re no t accus tomed t o  d r i nk ing l ar ge amoun t s  of a l coh o l  regula r l y ,  s o  

tha t a d i re c t conf i rma t i on o f  th i s  po i n t  Hou ld b e  d i f f ic u l t to ob tain . 
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A n  a l t e r na t i v e  e x p l ana t i on t o  f a s t e r  r a t e s  o f  me t ab o l i sm a t  

h i gh a l coh o l  dose s , ma y b e  t h a t th e a l c oh o l  c u rv e  is d i s tor t e d b y  

the r a tes o f  a b s o r p t i o n  a n d  d i s tr ib u t i o n t h ro ugh the to t a l  b o d y  wa te r .  

\-Ja l l g r en a nd B a r r y  ( 1 9 7 0 )  co n s i d  r ed t ho. t a n  e l e v a ted va lue f o r  r i n  

sub j e c t s  �ho h a d  no t be e n f a s t � d  � a s  d u �  t o  th e i ncreased f l u i d  con t en t 

o f  t h e  gas t r o- i n t e s t i na l  t ra c t  w i t h c on � equen t d e lay s in a b su r p t i o n  Jnd 

e q u i l j  bra t. i o n . I r ,,,a s c o n s id e r e d t h a t  i nv c s t i ga t ions into E,b s o r p t i o n  

a n d  d i s t r i b u t i o n  o f  a l c oh o l c o u l d  b e  ma d 0  u s i n g  a l c o h o l  l a b e l le d  w i t h 

s tab l e i s ,H o p l:' S  a n d  th e s e  s t u d i e �  -1 r e  clt! S C r ibed i n  the nex t chap t e r . 



CHAPTER 5 

5 .  1 

S TU D IE S  O�l ':!'HE AB S ORP'T'ION OF ALC OHOL THROUr;E THE 
GUT IHTH TRACER DOS E S  0:' DEUTERATED ALCOHOL 

I N TRODU CTi m-l 
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!)u r i n )2  p r e v i o u s  s t ucl i e s Pi th an A l c o l i mi t er ,  rapid  r i s e s  an d f a l l s  

i n  brea th a l c ohol l v v e l s  h'Cr t..' ob st> rved 11h i c h c o u l d  have ar·oun t e d  t o  a s  

mu c h  a s  � 0  mg/ 1 00 n l  o f  b l ood o v e r  a 3 - S rn i n u t (' p e r i o ci .  ,\ t t h a t 

t ime , i t  ,,; a �; n o t p o �; ·� i h l e  t o  a t t r i l)ll t l' t h P s v  f l u c t ua t i o n s  t o  p h y s i o ·-

l o g i c a l me c han i sms h e c Cl us e  o f  u n c r· r t . 1 i n t  i v s  c on c e rn i n g  t l � v  a c c u r a c y  

o f  t he i n s t r wn , • n t s  u s e d  \.Jhcn t h e  t es t s  \: e r �  repea ted a f t r.:: r on l v  a v e r y  

shor t per i od o f  t i m� . S h u ma t c  l' t a l  ( 1 ° G 7 ) , f rom c a r e f u l  s tu d i e s  u s i n g  

.:1 Brea t ha l v ze r ,  had c omme n ted on a n  uns L.J h l t ·  pe r i od d u r i_ n g  t �w f i r s t  

hour  o r  se' a f t e r  t h e  i nge s t i on o f  a l c oho J and s pe cu l a t ed t ha t  i t  Has 

r e l a ted to tr ans f er of a l coho l f ro m  the d i g e s t i ve t r a c t to the b l ood 

s t r eam . I n  ad d i t i o n , P on so ld ( 1 96 5 ) , uho ob t a i ned b l o o d  a t  f re q u e n t 

i n t e rv a l s  f r om an i n d\,•e l l  i n g  c < m n u l a ,  no t t> d  ' no t ches ' o f  a b o u t 
7 mg/ 1 00 m l  i n  thL"� b lood a l c oho l c u r ve• . ! ! l'  a t t r i bu t ed t he s t  to  e i t h e r  

t h e  0 ]1 t' il :i n g  a n d  C l t l ...; i n g O f  t h •" p y l o r i c  S !1 l t i n c t e r  Or t O  t ]1<.' c f f e c t O n  

i n  h l  o o d  f l m,· t h r o u . • h  p t! r i pl1 e r .1 l t i  s s l l l:''. . f l t· s h m·!ed t l w  t 1 1h < · n  t � H' 

a b s o r n t i on o f  a l c o ih• l i n t o  thv  b ndv ' . .J n s  L· n�w ] , • t c the ' no t c l J t • :-; '  \·.' t · r l'  no 

l o n g e r  o h s c rv e d , 

l t  1,·a s tl 10ugh t t ha t i n f o r ma t i o11 c o n c e rn i ng t hese  f l u c t. wl t i o l l s  j n  

b r e a t h  a l c oh o l  c o n c L'n L r a t i on s  :-:l i ): h l h e  u h t . 1 i n c d  i f  i s o t o n j ca l 1 v- l abe l l ed  

n l c oh o J  ,,';l s g i ven o r :1 l l v d u r i n g  t ! J ( '  t i l'll' lvh l' n t h e f l u c t u  . . t i n n s  '.·:l' r c  

o c c ur r i nf, .  

5 . 2  !''ETHODS 

Two s ubj e c t s were g i ven a l c oh o l & t  a l eve l of 1 . 0 g/K� body 

we i gh t a nd th en 3 0  m inu t e s  a f t e r a l l  t ht..' a lcohol had b ee n  c on sumed , 

t h e y  wer e  g i v e n  1 - 2 m l  o f  deu t er a ted a l cohol ( c 2n5on , 9 9 %  a t om D ,  

C ib a )  d i l u t e d  i n  l emonade . A t h i r d  sub j e c t  was g iven an a l c ohol  d o s e  

o f  0 . 5  g / Kg b o d y  wei gh t  i n t h e  same  manne r  and  w i th a f our t h  sub j e c t , 

the i s o t o p e  wa s taken w i th th e ma i n  a l c o h o l  d o s e  o f  0 . 5  g /Kg . Br ea th 

a l c o h o l  a n a l v s e s  were mad e u s i ng the mod i f i e d gas chroma t o g r Hph , wh i le 

s i mu l t a ne o u s l v  a lc oho l j n  a ry or t i on o f  t h L' b r e a t h  Ha s c ondensed in a 

g l a s s t ube i n  an i c e  ba th . 
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'!'he i s o t op e  r a t i o  i n  the c o n d e n s ed b r ea t h  s ample ua s d e t e rm i n e d 

by rr;as s  f r a �e n t o g r a p h v  u s i ng a ga s c hr omCJ t o g r n ph c o up l e d t o  a VC:: 

M i c r orna s s  1 2  F ma s s  s n e c t r ome tc r . The ma i n  f ragmen t s  o f  a l c oho l h a d  

ma s s  to c ha r g e  ra t i o s  (m / e )  o f  3 1 , 45 aml M1 vrld l e  d e u t c� ra t ed a l c o h o l  

gave m : c '-' <d u e s  o f  J 3 , 4 9 , s n  and S l . '!. h ,· mo s t  s u i tab l e  f r agme n t s f o r  

d e t e rm i n i n g i s o t op l2  r a t i o s  \ve r c· 4 5  a nd !, f) . \-l i t�1 t h e  .::: c c c l v r a t i n g  

vo l t a � c  o f  t h e  mas s s yw c t r o irJc t c: r a t  4 k\' , t h • •  l mve r ma s s  \,•as f o c u s s e d . 

The h i g he r mas s wa s th e n f o c u s s ed b v  r 0 d u c i 11 g  t h e  ac c c l l2 r a t i n g  v o l t a ge 

\·lh i. l  m R i n t a i n i ng :1 c on s t a n t c u r re n t t h r o u .;h  t !h:' d e f l e c t i  . n  rn.1g n e t . 

The d r op i. n v o l t a g e  \va s ach i f•Vt' d  b y  a p o  t l·n t i omc t e r wh i ch \vi1 S S\·J i t c hed 

i n t o  t he c i r c u i t  bv a r e l ay .  Th i s  r e l a y  c o u l d  h e  a u t of11a t i. c a l l y a c t i v a t e d  

a t  app r o x ima t e ly o n e  s e c ond i n t erva l s a n d  wa s t imed so t h a t t h e  d we l l  

t ime on e a c h ma s s  was t h e  s ame . The o u t p u t  f rom the e lec t ron 

mu l t i p l i e r  of the mass s n c c t r om e t e r  \.Ja s f C' d  t h r ough an amn l i f i e r  to 

re l ay c o n t a c t s  op e r � t i. n g  i n  t i me w i t h  t l • 0  ,c c e l e ra ting vo l t a ge r e l ay 

and t h P n  i n t o a t\,· ·i n - o e n  r o c o r d e r . I n  t 1 i s  1-m y ,  the o u t p u t  a t  t h e l ow 
m / e  Ha s f t.! d  t o  one . 1 c n  \·.' i t h <1 1 00 n\' f 1 1  l s c a l L' d e f h, c t i on i.l n d  t h e  
h i gh m / e  t o  t h C'  o t 1w r !' t ' n  a t  l :nV f u l  1 · <"I l l · ck f l e c t i o n .  1·1lw n L lw 

<:�b u nd a n c c  o f  d e u t e r .:1 t e d  .:l l C LJhu l • .J a s  ah o i i t I ' , l rw d e> f l t.! c t i o n s  f r om 

b o t h  p e n s  \,·e r e  ap p r ox ima t (' l y  the s a m v . 

�he c ond e n s a t e  \va s  t ;J kcn up i n t o  <"l , · . � p i l l .-n- v  f ro!'l the ,,,a l l s o f  the 

tuhe in \: h i. ch i t  1:: 1 c:; c o l l t' c l c' d  and t h e n  i n t o  <l 1 0  ]J l s y r i n gt> . ':'he 

Porapak l/ . H e l i urr. �-.' a s  u s e d  � s  c a r r j p r � ' a :-; a t  a f l ow r a t e  o f  30 m l /  

l'l i n u t e  a n d  \,, i th an oven t e mp e r a t u r e  o f  1 '30° . The e f f l u e n t f r om t he 

c o l umn \.J<1 S p a s se d v i a a i e t  s e p ar a t o r , ,,• h i  c '1 r emoved mo s t  o f  t h e  

ca r r i e r  g a s , i n t o t h e  ma s s s n e c t ror1P t e 1  a t  � b o u t  3 m l /1'1 i nu t e . A s  t h e  

a l coho l e l u t e d  f r om t h e  c o l ur1n , a c h r om a t o g r am was ob t a i ne d  f ro m  the 

ma s s  s pe c t r ome t e r  o u tp u t  w i t h  peaks c o r r e s n o nd i n g  to d e u t e r a t e d  and 

und e u t e r a t e d  a l c oh o l . Re c or d e d  � e a k  h e i gh t s  for the m / e  4 5 : 4 9 ra t io s 

\ve r e  c onve r te d  in to i s o tope r a t i o s  u si n g  a c a l ib r a t i o n  c urve prepa r e d  

w i t h  known s t an d ar d s . Due t o s l i gh t  v a r i a t ion s i n  ma s s  sp e c t r ome te r  

s e ns i t i v i t y  d ur ing e a c h  r un , a p ro c e d u r e o f  samp l e  inj ec t i o n  f o l l owed 

bv a s t a n d a r d  was a d op te d , c ove r in g  s eve r a l t e s t s  on e ac h s amp l e . 
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5 . 3  RESULTS 

Ab u n d an c e  of d c u te r a t e d  a l c oho l i n  t he b r e a t h  samp l e w a s  p l o t t e d  

o n  t h e  same t i me s c ;1 l e  a s  t h ,• b l o od a l c o t to l  l e vr- 1  ( F i g u r e s  5 . 1 -- 5 . 4 ) . 

The f i r s t  t\VO f i g u r e s  s haH a s t r i k i n � s im i l a r i t y b e t\,,ecn t h e  i so t o p e  

i1b und a n c l'  o. nd t he 1 l c oh o l c o nc e n t r a t i o n  i n  l ll c  h r e a tl 1 . F l u c t ua t i o n s  in 

b r e a t h a l cohol l e vv l s  o r  i �; o t 0 (1 l'  a � un d .::l n •· c s  Hf� n· n o t o h s e r v c: d  for t h e· 

::; ubj e c t l'l:n s e  r e ,o. u l t �o a rL' s h m-:n i. n F i gu!· c  �- . 3 !) n ;.; �;i. b l y  h L' C <J u s c  o f  the 

} m.;r c r  a l c o�w l d o s e  u s e d  i n  t h i s  c .J s l' . I P  t he i o u r t h  s u b j e c t ,  wl c r e  t h e  

d c u t e r <J tc d  a lc oh o l 1-:a s g h'L' n  �; i_ r ;nJ ] t a m• o t :s ly 1..r i. l h the Iila i n  a l c oh o l  l o a d , 

b r e a t h  alc oh o l  f l uc t u :1 t i on s  \v L' i < '  no t S L' t.'l1 D n d  t he i. so t u r L' ab und a n c e  

i n c r ea s ed f r om 3 . 3� t o  5 . 5� ovL r a p e r i o d  o f  t h r e e  h o u r s  ( F i g u r e 5 . � ) 

s ugg es t i n g t h a t  de u t e r a t e d a l cohol i s  nu· t abo l i s c d  a t  a s l ower r a t e  than 

und e u t e r a t e d  a l c oho l . 

5 . 4 D l S CU S S J o::  

l n(: o ,.; t e d  a l c oh . ' l i s  <t b •; o nH_' J  i. n t r·. t 1 1 c  hod v f r om 1 l l t i s .-; u l' s 

t ] I J'OUgl t  \·.' 1 1 i t: h  i t  'l : l �-; s ,· ::: - t l lt' :·t" t l t l l . t l l  '' < ' l 'hilf'<'U , ,  S t OI'l a C 1 \  a n d  �;;r:, · t ! ]  

A maj o r  f : 1 c t o r  i n  t i l L· r J L L' o f  a l L· o i l t ' }  ah s o r  1 t i. on i s  t ! J , ·  '' P L' l' d  :1 t  

�.,•h ich i t  p o. s s e s  t h r cl t tg h  t h L"  s t t •�·;.!c b .  ! L t �·. i� A rd c t  a l  ( l 9 L• l )  shm·ll' Cc t ha t  

i n  r a t s  '" i t h a l i )",! t. t t r e  ;1 :-t' V< ' I: t i n g l'· h :-, · i ,...; t •  o f  ; l l c. uho l i n t o  t l t �  sn:a. l L  

i. n t e s t in e , a l ,· oh o l  '. .' . l S  r J n i d l �, :1h s n dw J  1 o r  : 1  s h o r t  t i m e  f r , l m  t h l '  

s to ma c h  lnt t t h <• Cl l L' t· <t;' i d l \· d " c r < · < t '' l' d , v • · n  t l t o u c ; ! J  c o n s i d c r n h l e amn un t :-; 
o f  & l c oh o l r em.:l i n c d . r.u r t h e r  ·1 b so r p t i. o n  d e pe nd e d  on t h e  p a s s a g e  o r  

a l cohol i n t o  the sma l l  i n t c s t i n l ·  where nh s o r p t ion was r a p id and c omp l e t e . 

The t r an s f e r o f  s toma c h  c o n t e n t s  to Llw i n t e s t i nL• j s  c on t r o l l ed b v  

p r e s sur e Have s v. i th i n t h e  s t oma c h  and t lw p y l o r i c  s p h i n c t e r  \-Jh i ch 

r e laxes rhy t hmi c a l l v  so t h a t  i n  human s , sma l l  amoun t s  o f  s l ofTlach 

c o n t e n t s  p a s s  t h r o u gh in t o  the d u o d e n um once i n  ab o u t  20 s e c on d s 

( Th omas , 1 9 5 7 ) . H u n t  ( 1 9 5 6 ) , h a s  s u g g e s t e d  t h a t  ga s t r i c  emp t v i n g  

o c c ur s i n  t h r e e  pha se s ,  ( 1 ) a n in i t i a l pha s e  d ur i nr Hh i c h  t h e  r a t e  

i n c r e a s e s  ,,> i t h  me a l  vo l ume , ( b )  a b a s i c  o r  exponen t i a l  p hase wher e  a 

cons t an t  f r a c t i o n  o f  t h e  s toma c h  c on t e n t s  i s  emp t i ed p e r  m i nu t e  a n d  

( c ) a t e rm i n a t i on of  t h e  e xnonc n t L1 l  p h a se b y  a large e f f l u x  o f  

c on te n t s  o c c ur r i n g  o n l y  a f t e r  l ar g e  mea l s . I t  has b e e n  s h own (Hun t e t  
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B l ood a l co ho l  and i s o tooe abundance  curv0 from a subj e c t  who had 
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c onsume d  u n  a l c oho ] d o s e  o f  1 . 0 g / k ?  f o l l owed 3 0  minu t e s  l a t e r  
b y  a t r a c e r d o s e  o f  d e u t e r a t ed a lc oh o l . 
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B l oo d  a l c oh o l and i s o t o p �  a b u nd a n c e  c u r v e  f r om a subj e c t who h a d  
c o nsumed a n  a l c oho l d o s e  o f  0 . 5  g / k g  f o l l owed o n e  h o u r  l a t e r  b y  
<1 t r a c e r  d o s e  o f  d e u t e r a t ed a l c o h o l . 
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o f  d eu t e ra t ed a l c o h o l . 
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a l  1 9 6 0 )  t ha t  a l c oh o l  s l ow s  g � � t r i c  �� p t v i ng a s  t he c o n c e n t r n t i u n  

i n c r e as e s , i n  a s i m i J a r �1a nn e r  t o  o t h e r  h y p e r t on i c s o l u t i o n s . 
Rede t s k i  e t  a l  ( 1 9 7 � )  had shm�1 t h a t  ] ow � r  b l ood a lcoho l l ev e l s  we r e  

o b s e rved i n  r a t s  wh i ch h a d  b e � n  g iven pu tas s i u� c h l o r i d e  i n  a d d i t i on 

t o  a l c o ho l . I t  \·:a s s u g g <.' s t c d  f'Y l !u n [ ( 1 ' 1 6 0 )  t h a t  t he p n s s ag e  

i 1 r at1gh t h e  n v l o r u ;;:  i s  c on t r c , l 1 L' d  h "  3 f , · e d b a c l .  mcchD n :i. sm d e r e n d j n g 

u n o n  t h e  c smo t i c  c o nc e n t r a t i on o f  f o nd s L u f f s  a s  t· �tey e n L , · r  t h L· 

d uod e n um . 

Th e re s u l t s \v i t h  l .1 h e l l .: d  , d c o l w l  c- u g g e s t s ,  t h a t  Hi t h  the r ap i d 

c o n sur.1p t i on o f  h i gh .� lc oh o l d o s l· s , t l-Je r •v l o r i c r e a c t i o n s  f o l l o�.o1 e d  t h e  

saml na t t c r n w h i ch h a d  b e en observe d ,  u s i n g an x-ray t e c !. n i l: u c , b y  

C e r s h o n - C o h en e t  a l  ( 1 9 3 8 ) . The s e  a u t h o r s  h a d  d emons t ra t ed t he 

r e t e n t i on o f  hyp e r t o n i c  g l uc o s e  i n  the s t oma c h  a nr l. d es c r ibe d t he i r  

f i n d i n g s  n s  f o l l ow s : -

" Th u ,; \Jh e n  i1 f t \,' c ub i c  c v n � i mv l r e ..;  o !  a !; ().� s u gar s < • l u t i Pn 

�1 3 s  s v s  t r; r o u .n;h t h l' ,, ,• 1 o r u ,.; . . . . . . . .  , t h e· i ' "' : n r u s  c l o s e s  i r1:"1L' d i .:1 L C l y :  

t l i i ,  c l o � 1 1 r < · i .. rJ.::; i n t. ·l i n < · d  n o t t t n L !  I J !  I t h v g:1 �; L r i c ,  b u t , , n ] ' · r tH'  

1 11 �1 t :1 i s t ::) k l ) (.; i1 l . t ( ' f.' 

Th ,• s ul1 s t i L u t i '' '  o f  nn a l c oh o l s o l t . t  i on f o r  :1 g l u <· o s �.: '> o ! u t i on 

i n  t i: t ' r- r l' c e d i n g p ;l '. ::: ;:q:; e \· 'Otd d ;:l l) : ' c l r  t n  . \ C I �c• n t : a t c l v  d e s t· r i b L· t h ,• 

.: b r: orcu -l f ur: c t i o n i r :  l' f" l ll v  p y l u r u s  ·1 f t ( ' :  <.J 1 c oh o  -.: on s u m p t :i o n 

r l.' :.: � l l t i r ' ..;  : n  r a p id t i s c s  i n  b l <•Pd <ll cof"}, I L eve L> ·. :h i c h c�<, u a l l y  r d p i d ly 

C a l l  ; 1 s t h e  a r t er i a l b l a n c!  e n u .i l i h r a t e s  \·: i. t h  r h L' \va t e r  L' umpa r t m e n t s  
., r  t h e  b o J v . 

/\ r o h l em \v i t h  Planv a l c o h o l l oad L t  s t s  p e r f onned i n  the J abora t o ry 

i s  cha t t h e  s u b _i e c t s  a r e  n o t  nh l e  t o  r c a < h h i gh a l c oho l  l ev e l s  ,.:ri t h o u t  

vomi t i n g . Fox e t  al  ( 1 9 6 5 )  t r i e d  t o  ge t s u b j e c t s  up t o  a b l ood a l c o ho l 

L ev e l o f  1 80 m g / 1 00 m l by g iv i n g s p i r i t s  a t  a r o t e  o f  2 5 0  ml e a c h  

3C'J m i n u t e s  a nd me t s u ch p r o b l ems w i t h  vor.l i t i n g . Thi s  r e f l e x  is lve l l  

k no�n wi t h  exc e s s ive a l c oh o l c o nsump t ion and may o ccur when th e b l ood 

a l c o h o l  l ev e l  r e a che s abo u t 1 2 0 mg/ 1 0 0 ml i r r e s p e c t ive of \·lhe t h e r  t h e  

a l c oh o l  i s  g iv en o r a l l y  o r  i n t ravenous l y , ( H a r ge r , 1 9 6 1 ) . Vomi t i n g  i s  

t h e  r e s u l t o f  a s p a smod i c  c l o s ur e of  t�c p y lo r i c  s phinc t e r  a nd t h e  

un p l e asa n t f e e l ing s a s so c i a ted w i t h  t h e  naus e o u s  cond i t ion a r e  
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a t t r i b u t e d  to h i gh g a s t r i c mo t i li t :' (T 1o l f , 1 % 5 ) . Hagg a r d  e t  a l  ( 1 9 4 1 )  
ob s e rved a r i g i d l y c l o s e d  p y l o r us · n  r a t s  g i ven a l coh o l  s o l u t i o n s i n  

l a r ge vo l u� e s  o r  a t  s t reng ths ab ove 2 4  � / 1 00 m ] . I n  t h e s e  � xp c r i men t a l 
a n i ma l s  t h e  s t oma c h s  c o n t a i ned ap p r o x i m 3. t c l y  one six t h  o f  t h e  a l cohol 
which h a d  b e e n  g i v e �  6 h o u r s  p r e v i o us l y .  T h ey r� o o r t ed t h a t  w i t h  

huma n suh .i e c t s . t h l' tn<J _i o r i t y o t  l i �· :t vv d r i n h· r s  c o u l d  t o l e r a t e  u p  t o  

1 (  m i n u t l' S  0:1 .' L' tn[l t "  s tom<1 ch w i t h ou t vot:l i t  i n g  

b u t a c o ns i d e r a b l e  n U1:1b er L1 f O (' C <t �; L LHla l • ' r i nl' t> r s  co u l d n o t  d o  t h i. s  

\,• i thou t t l 1 c  d c- v e 1 0 f' '11 t'n t �_, f ;1 y l o ro s ,1 � �r.t , 

S c h ed u l e s  invu 1 v i n g t h e  c o n s ur.m t Lm o f  l a r ge d o s e s  o f  : t l c u h o l  i n  

s h o r t p e r i o d s  o f  t i ;ne a r c  t yp i c a l  o f  t l w nany s t ud i e s  t h a t h a v e  b e e n  

mad e e i t h e r  for mea s u r i n g  b l ood a l c o h o l l ev e l s , c ompa r i n g  b l o o d  w i t h  

)) r e a t h  a l c oh o l s  o r  f o r  measu r i n g  t h e  i m p a i rmen t of sens o r imo t o r  sk i l l s . 

During s u c h  s t ud i c s ,  the r<1 t e s  o f  n !  c olw 1 a b s o r p t i on may b e  d i e;  tor t c d  

h v  :i t s e f f e c t s o n  �� -1 s l r i c  L'mp t v i n )' · S u c h  f n c t o t s  : n e  obv i o w; l v  

i r.1p o r t n n t  \vh cn c om p . t r i r: g b l ood · ll c clh o l l • ."Il' l s  A n ci  r a t e s  o f  c l i m i n o t i o n 

o f  a :k n h o l h C' t \·W en d i  f f e n · n t  d r i n k i ng g r oup �:; or r n c C' S  h c• c i t u s c  t h l' \' 

I·.'Ou 1 d  b e  V •l r i ab l e b c th'• ' C' n  s uh i v •. · t �: :·l l ld , · vvn i n  t 1 J P  S <l r1•.' i n cl i v i c! • J . d  cm 

d i. f r ,, r c n t 0 c l' :1 s i 0 n •.; . 

D i s L o r t i o n s  o r  .:d c oh n l  al- -. o r p t i or t  . m pc a r  t L' he A c o n s c• rl ll l' ll l •  o f  

l a b o r il t o r v i nv c s t i p � L i o n s  11 t t 1 t  h i P ! ,  l t > :l • l i nl:. cl o s e c: o f  a l c oh o l c o n � um,•d 

i n  s h o r t  rwr i od s  o f  t: iml' . B c c <l U S l' o :  t h i s ,  some wo d· v r s  in re cT n t  

v c ;n · s  ha \'•' a d o p t e d  d r i n L i 1� �� s t.' l ! t : d u l .. · <.;  Plt i c h ,: p p r o x i rw. t e  mo r e  n e a r l y  

t o  norma l s •x i a 1  d r i n k i n p c omi i t i ,nts ( !C t l .ln t e t  d .! 1 9 7 5 ) . Ih'-' 
p o r tabi l i t v of t h e  ! • r e s e n t b r e a th t l' s t i n g  e q u i pewn t mad e  pPs s i. h l v  an 

e x t e n s ion of t he p r , • s e n t s tud i l' s  i n t n  i 1  r r i va t e b a r  s i t u a t i on . The 

,- i r.d i n g s  a r e  d e s c r i b e d  i n  th e ne x t  c h a n t e r . 



1 1 5 

CHA'PTER 6 ABSORPT ION, D I STR I BU T I O N  AND ELHllNATION OF ALCOHOL 
U NDER NOID1AL SOC IPJ.. DR I NK ING COND ITIONS 

6 . 1 I NTRODUCTION 

�o s t  l a b o r a t o r y  s t ud i e s  o n  a l c o h o l �c t a b o l i sm a rc c a r r i e d o u t  

und e r  a b no rma l d r i nk i ng c o nd i t i on s  w i t h l a r ge n u an t i t i e s  o f  a l c o h o l  

b e ing c o n s ume d i n  a r e l a t i v e l \! s ho r t  pe r i cd o f  t im•.:! , o f t en dur i ng t he 

mo rn i n g and no rn�a l lv unc!.:: r f a s r -i 1 g  c o nd i t i on s . I t  .... ,as s hown 

p r ev i ou s l y t ha t  o n s um i n g  l a r gl' Cl ua n t i t i ,• s  o f  a l c oho l r ap i d l y ma y 

l e ad t o  a d L· l a y  i n  a b s o rp t i on t h r o u g h  tiw a c t i o n  o f  a l c oho l o n  t h e  

norma l f un c t i o n i ng o f  t h e  P" l o r i c s ph i n c t <: r  :!.e ad i ng t o  a d e l ay i n  t h e  

r e l e a s e  o f  fa � t r i c c on t en t s  i n t o t h e  sma l l  i n t e s t j n e ( d uode num ) . W i th 

the a b i l i t y to make r ap i d , r ep e <t t e d b r e a t h t e s t s  wi th p o r t ab le 

e o u i pme n t ,  i t  b e came p o s s i b l e  t o  te s t l.:: u ge number s o f  s ub j e c ts in 

p r iva t e  b a r s  und e r  near no rma l d r i nk j n �  cond i t ions . 

6 . 2  METHODS 

An e x t e n s i v e  so c i a l d r j nk i cg s t u d v  ha�> b e e n  c a r r i e d  o u t a t  t h e  

RN Z.A,Y b a s e  n t  0�1aken . S t u d i e s nn a l c o h o l a b s o r p t i :Jn r a t e s  1ve r e  mad e  

range . I n  a d d i t i on ,  s t ud i e s  on c l i m i nd t i Jn r a t 0 s  w e r �  c ar r i e d o u t  on 

memb e r s  o f  t1H' O f f  i c c> r s  � le s s , Fl Lh nlL'll \·: ll o  lv e r c ma l n l v i n  a y o ung a ge 

g r o u p . Th e b a r s  we r e  o p e n e d  ;J t ·� pm a n d  t h L' s uh j c c t s , VTh o  h a d  n o t  

e a  t e n f o r  t, h o u r s , p u r c b a s t: ri  a q c1 c n n s unw d  t h e i r  Ol·m <t l c oho 1 a t  t h e i. r 

m.m r u t e m 1. x i n g  f r e e l v  l·.'i. t h  o til • ' l" mL·mb L r s o f  t h L'  m•-· s :, 111ho \ve r e  no t 

i nv o l ve d  i n  t h e  s t ud ie s . The on l v  r e s t r i c t i o n s  i n� o s c d  we r e  t h a t e a c h  
sub j e c t b e  b r e a th- t e s ted a t  d p n r ox i ma t c l v  20 t o  4 0  mi nu t e  i n t e rva l s  

a n d  th a t b e f o r e  eac\ 1  t e s t ,  h e  wds t o  a b s t a i n  f r om d r i nki ng f o r  a t  

l eas t 1 0  m i nu t e s . I n  the ab s o r n t i on exne r imen t ,  s ome o f  the 

par t i c i p a n t s  were a s kPd t o  s t o p  d r i n k i n g  a t  5 . 30 pm un t i l  t h e i r  b r e a th 

a l coho l l e ve l s s t a r t ed t o  de c r e a s e , i nd i c a t i n �  t�a t they had p a s s e d  

the i r  p e a k  a l c oh o l  l eve l .  D r i nk i ng r e c ormnen c e d  as b e f or e  and 

con t i nued u n t i l 10 pm . To d e t e rmine e l i m i na t i o n  r a t e s , the s ub j e c t s  

s t opned d r i nk i n g  b e tween 6 and 7 pm wh en b r e a th tes t in g  commenc e d  and 

con t i nu e d  a t  20 - 3 0  m i n u t e  i n t e rva l s  for at lea s t  two hours . B e tween 

6 and 7 pm , the s ub j e c t s  had a me a l .  
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RESULTS 

The "mou t h  a l c oh 0 l "  e f f e c t 
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'l'o e x amine the s o- c a l l e d "mou t h  a l c o ho l "  -2 f f (·c t , s ome o f  the 

s ubj e c t s were b r e a t h  t e s t ed n t  f r P n ucn l i n t e r va l s  a f t � r  t h e  f i r s t  

f ew mou t h f u l s  o f  d r i nk had b e e n  c c n s LPnl'd a n d  h e f o rL� 'HlV a l c oh o l  

c o u l d  b e  ::: h s o r b e d  j n to t h e  b l ood . ':lw i ll l t i a l  h n·a t h  a l c o h o l 

c o n c e n t r a t i on s  were g r e a t e r t ! 1 a n  1 , 50 1) \ � / J i t re , l'C u i va l e n t  t o  a b J o o d  

a l coho l conc e n t r a t i on g r •, a t c r r ' wn 'ill') ng / 1 00 rl l . Rv e i gh t  m i nu t e s  

a f t e r  t h e  f i r s t  d r i nk , t h e  b r e a t h  a l c o h o l  l ev e l s  we r e  ma rke d l y  r ed u c e d  

t o  ab o u t  40 � g / l i t r e  a nd were ne a r l v  z e r o  i n  1 0  - 1 5  minu t e s . 

The t e s t s  we re then r e oe a tc d  a f t e r t he sub j e c t s had a t t a in e d  a 

s i gn i f i c an t  b l ood a l c oh o l  l e ve l .  Br e a th t e s t s  were t h e n  c a r r i ed o u t  

inune d ia t e lv a f t e r  s\.;a l l mvi.ng mo re n l c oho l . Th e b re a t h  a l coho l leve l 

d e c l i ned i n  4 - 5 minu t e s  to n v a l ue cor r espond i ng t o  t h e  b l ood l eve l 

o f  t h e  s u b j e c t  b e f o r e  th e "mo t i th e f f e c t '  r i s e . 

6 . 3 .  2 .  Ra t e  o f  d r i nk i ng 

A r e c o r tl  o f  t h e  t i me "  ovt� r ·,; h i  e h  :) /; r1e n i n  t h e  S e r ge an t s  Me s s  

consur::e d  e i t h e r  2 6 0  m l  g la s s e s  o f  h v (· r  o r  1 7  !Il l  n ) p s o f  s p i r i t s sh ov1e d 

t h a t t h e  ra t e  o f  d r i nk i n p,  \ Ja s f e1 i r lv u n i f o rm t h r o ugho u t  the !) e r iod 

f r or'l 3 t o  5 . 1 G pm a t  a n  ave r a ge of 4 . !; d r i nk s  p t r h our , ( r ange 3 . 1 -

f- . 6 ) . A rcnre sen ta t ·! vc samn l L' o f  (1 r l n k i n g r a t P S  <H P <;; hown i n  F i gur e  
6 . 1 .  

F. . 3 . 3 .  "R a t e  o f  a l c oho l a b s o rp t i o
_� 

The b l ood a l coho l l ev e l s  i n c r e a s l' d  1vi th c on t i nu i n g  cons ump t i on 

( F i gu r e  6 . 2 ) b u t  a t  d i f f e r e n t  ra te s , no doub t r e f l e c t i n g  d i f f e r e n c e s  

i n  b o d y  v.re i  gh t a n d  r a t e s  o f  mp t abo l i sm .  B e  tHeen 5 .  3 0  and 7 .  3 0  pm , 

t h e  sub j e c t s  re f r a i ned f rom d r i nk i ng wh i l e maximum b l ood a l cohol l eve l s  

and r a te s  o f  e l imina t i on were b e ing d e t ermi ned . For those who 

con t in u e d  d r i nk i ng a f t er th is t i me , the ave r age r a te o f  d r i n k i n g  h ad 

s l mved t o  3 d r i nk s  p e r  hour and the r a t e  o f  i n c r e a s e in b lood alcoho l 

l eve l wa s con s i d e r a b ly s l ower ( F i g ur e  6 . 3 ) .  
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F i g u r e  6 . 1  

A r e p r e s e n t a t i ve s amp l e  o f  t he r a t e s  o f  a l c oh o l c o n sump t i on b e f o r e  
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The rate  o f  inc r e a s e  in b l ood a l c oh o l  l eve l s  d u r i n g  t h e  d r i nk in g  
s e s s i on a f t e r  a mea l .  
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6 .  3 .  4 .  �a t e  o f  a l cohol e l im i na t ion 

lfue n the f i r s t  dr i nk ing per iod ende d b e tween 5 . 30 and 6 . 3 0 pm 

the maj or i ty of subj e c ts shm·7Cc:l d e c l i n i n R  b l ood a l coho l leve l s , 

( F i gu r e  6 . 4 )  a t  an ave r a g e  r a t e  o f  20 rng / 1 00 ml /hr . Thr e e  s ub j e c t s  

inc re ased t he i r  b lood a l coh o l  ! �ve l d u r i n g  t h i s p e r i od . 

In  the O f f i c e r s  � c s s , a l cch o l  c o n s l lm p t i on f o r  3 1  bee r d r i nke r s  

ranged f rom 0 . 6  t o  1 . 6  g / � R  b o J y  w e i gh t and f o r  1 1  s p i r i t  d r i nke r s , 

f rom 0 . 5 to  1 . 1  g / k g . The b e ta s lopes ob tained f rom l i near r e g r e s s ion 

ana lysis  of b l ood a l coho l  conc�nt ra t i on on t i me v a r i ed f r om 1 1 . 2  t o  

2 8 . 9  mg / 1 0 0  m ]  / h r  \vi t h a mean o f  1 8  mg / 1 00 m l / hr f or b o th d r inking 

groups . The r a te s of a l cohol e l imina t i o n  d e t e rmi ned f rom the to t a l  

me t ab o l ism t ime and d o s e  ave r aged 1 0 . 7 ( s . d .  1 . 7 )  grams p e r  ho ur f or 

b o th beer and s p ir i t  d r inker s .  \men c a l c u l a ted as a rate o f  

e l imina t i on in mi l l i gr ams p e r  k i l ogram body we i gh t ,  beer d r inke r s  

s hovJed 1 4 3  ( s . d . 1 8 ) a n d  sp i r i t d r i n ke r s  1 5 6 ( s . d . 3 f i )  m g / k �· / h r  

( Tab l e s  6 . 1 a nd 6 . 2 ) .  

6 .  3 .  5 .  

:1 mean y;; l � l l' n f  0 . 3 2  ( s . d , () , [ ) f c1 1· h l'r • r ' ! T i n k e r s  <.J n r! f1 . 9 5  ( s . d . 0 . 2 )  
f o r  s n i r i t d d n k e r s  ( Tab l e s 6 . 1 <tnd (· . 2 ) . The f r eq u e n c y  d i t1 g ram 

( F i g u re h .  5 )  s h cJ\,' S  t h e  �cnr> r i'! l t cn c! , • n c ;:  1 or over t.' s t i m a t i on o f  t h i s  

ra t io ,  JW r t i c u l .J r h i. n  t h v s p j t· i t  d r i n k tt .-; . 

I n  1 8  sub j � c t s , o n l y  the f i r s t J - � b l ood a l coh o l  1 ev0 l s , wh i c h 

i nc l uded t h o s e  w i t h i n  3 0  mi nu t e s  o f  d r i n k i ng ,  were ana ly s e d  ( Tab l e  6 . 3 ) .  

The mean v a l ue o f  the \ l i  dmark r a t io \va s  r ed uc ed  to  0 . 7 4  w i t h  a r a nge 

f r om 0 .  5 6  t o  0 . 90 and  the  h e ta s l op L'S  shm.Jed a n  overa l l  inc r e a s e  \v i t h  

a mean of  2 3 . 5 and  a r ange of  1 7 . 5  to 32 . 2  mg / 1 00 ml /h r . 

A s i gni f i ca n t  c o r r e l a t i on h e tween t h e  v a lues f o r  ' r '  a nd the b e ta 

s l op e s  w a s  f ound w i th a corre l a t ion c oe f f i c i e n t  o f  - 0 . 7 4 4 . Thi s  

c o r r e l a t ion d i mi n i shed t o  - 0 . 4 6 3  when t h e  f i r s t 3 - 4 poin t s  only were 

ana l y s ed . 
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TABLE 6 . 1 

f o r  b e e r  

Subjec t 

2 
3 
4 

5 
6 
7 
8 
9 

1 0  
1 1 
1 2 
1 3  
1 4 
1 5 

1 6  
1 7  

1 8  
1 9  
20 
2 1  
2 2  
2 3  
2 4  
25 
26 
2 7  
28 
2 9  
30 
3 1  

X 
s .  d .  

Alcoho l d i s t r ibu l i on 

d r inke rs  (Of f i cer s Me s s ) . 

Dose Co \.Jt Kg .&L� mg/Kg r 
-· 

conce n t r a t ions  

�mg[!_OO m l / h r  

1 2 3  

and e l imina t ion 

To ta l 
!21JJ._'Y:j h r T ime --

hr s 
··----------··------

8 1 r) . 7 0  1 0 9 !; 0 .  6 t!  2 1 . 0  1 2 7  5 . 5  
7 2  1 . 6 0  2 6 0 5  0 . 6 1  2 5 . 5  l l! 7 1 0 . 8  
7 1  l . � J 1 4 8 i O . H � 2 1 . 2  1 6 4 7 .  0 
7 2  1 . 1 0 1 2 1 2 0 . 9 1  1 8 . 2 1 S n  7 . 4 
6 1  1 .  6 4  1 7 0 0  0 . 9 6 1 4 . 4  1 30 1 2 . 5  
8 3  0 . 9 5 1 2 5 6 0 .  7 6  1 9 . 4 1 3 9 6 . 9 
7 8  l .  1 0  1 3 7 7  0 . 8 0 20 . 4  1 54  7 . 2 
68  1 . 2 6  1 5 9 9  0 .  7 9  2 1 . 5  1 6 0 7 . 9 
7 4  1 . 1 6 1 2 6 6  0 . 9 2 l 7 .  0 1 4 8  7 . 9  

7 9  l .  00 1 0 7 7  0 . 9 3 1 8 . 1 1 59 6 . 3  
7 0  0 .  7 1  7 9 7  0 .  9 0  1 5 . 3 1 3 0 5 . 6  
8 1  0 . 80 1 09 8 0 . 7 3  2 0 . 4  1 40 5 .  7 
7 3  0 . 5 9 7 7 0 0 .  7 6  I 9 .  3 1 3 8 4 . 2 
7 8  0 .  7 3  8 8 8  0 . 8 2 t n . s  1 3 0 5 . 6 
6 5 0 . 8 8 1 06 5  0 . 8 � 2 f l . 2  1 5 6 5 . 6 
7 5  0 .  7 !)  Son  O . f{ i' 1 9 . 9  l b S !� • 6 
8 5  0 . 8 5 1 0 6 7  0 .  7 9  2 0 . ( ) 1 4 9 ') . 8 
f, [,  () . 89 8fi 3 1 . ( J () 1 2 . 5 1 1 8 7 . 3  
88 l .  1 5  1 7 86 0 .  (. '1 2 H . 9  1 7 4 6 . 5  
7 7  1 .  () } 1 3 00 Cl .  7 �! 1 r, .  3 1 2 1  8 . � 

7 9  l . 6 5  1 8 79 O . R l  1 7 . 0 1 4 0 l l . 8 
5 6 1 .  2 9  1 7 4 6  0 .  7 '• 2 2 . 5 1 5 7 8 . 3  
7 7  0 .  8l! 9 1 5 0 . 9 2  l h .  2 1 4 1  5 . 9 
80 t .  3 5  1 8 0 7  0 .  7 ') n . 1 1 6 3  8 . 3 
6 3  l . L1 9  1 6 0 7  Cl . ().) 2 (J Jl 1 7 9 8 . 3  

8 2  0 .  7 9  1 0 0 5  () . 7 ' )  I 7 .  9 1 3 3 5 . 9  
76 l . () !, 1 1 2 9 O . SI 2 1 4  . 1 1 2 2 8 . 5  

7 7  0 . 6 6 1 0 1 1 0 . 6 5 1 a . 4  1 1 3 5 . 8 

7 9  1 .  2 8  1 4 1 2  O . <J 1  1 5 .  9 1 3 7 9 . 5  

7 3  1 .  2 9  1 4 4 6  0 . 8 9 1 2 . 3 1 0 3 1 2 . 4 

70  I .  03  1 089 0 . %  l 7 .  1 1 5 2 6 . 7  

1 . 06 O . H 2 1 8 . 8 1 4  3 
0 . 0 5 0 . 1 0  3 . 6  1 8  

ra t es 

g/ hr 

1 0 . 4  
1 0 . 6 
1 2 . 3  
1 0 . 7  

8 . 0 
1 l . l� 
1 1 . 9 
1 0 . 9  
1 0 . 9  
1 2 . 5  

8 . 9  
1 1 . 4 
1 0 . 2  
1 0 . 2  
1 0 . 2  
1 2  . ll 
1 2  . t. 

7 . 8 
1 5 . 5  

9 . 4 
1 1 . 0 

8 . 7 
1 1 . 0 
1 "3 . 0 
1 1  . 3 
1 1  . 0 

9 . 3  
8 . 8 

1 0 . 6  

7 .  5 
1 0 . 7  

1 0 . 7  
1 . 7 
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TABLE 6 .  2 Alcohol  d i s t r ib u t ion c onc en t r a t i o ns and e l imina t io n  ra tes 

for sp i r i t  d r ink e r s  ( O f f i c e r s  Me s s ) . 

D o s e  
S ubjec t l\ t !(g g/ Kg __ :s;;_ 

1 7 6  1 .  1 3  
2 7 5  0 . 5 7 
J 6 5  0 . 6 6  
4 68  0 . 9 1 
5 5 7  0 . 86 
6 6 5  0 . 5 7  
7 7 7  0 .  7 1  
8 7 2  0 . 5 1  
9 6 1  1 . 0 3  

1 0  6 7  1 . 04  
1 l 7 2  0 . 9 7  

X 0 . 8 1  
s . d . 0 . 2 0 

Co 

mg/ Kg 
r 

-

1086 1 . 0 4  
4 5 2 1 .  2 7  

6 2 5  1. 06 
1 36 0  0 . 6 7 

7 3 1  1 . 1 8 
4 8 5  1 .  1 7  
896  0 .  7 8  
585 0 . 89 

1 0 9 8  0 . 9 4  
1 668  0 . 6 3 
1 1 74 0 . 8 3 

0 . 9 5  
0 . 2 1  

------

B mg/ 1 00 m 1 / h r  

- -------

1 2 . 9 
1 1 . 2 

1 4 . 0  
1 6 . 6  
1 4 . 7  
1 5 . 2  

2 3 . 7  
1 6  . 1  
2 3 . 4  
2 9 . 5  
2 3 . 4  

l b . 2  
') .  8 

------·- --- -- - - -

To t a l  

��/ Kg/ h r  T ime g/h r  
b r s  

1 2 7 9 . 0 9 . 6 
1 3 4 4 . 3 1 0 . 0  
1 40 4 . 8 9 . 0 
1 05 8 . 7 7 . 1  
1 6 4  5 . 3  9 . 2  

1 68 3 . 4 1 0 . 9  
1 7 4 4 . 0 1 3 . 8  
1 35 3 . 3 1 1 . 2 
2 0 8  5 . 0  1 2 . 6 
1 7  s 6 . 5 1 0 . 8 
1 8 3  5 . 2 1 3 . 5  

1 56 1 0 . 7 
30 2 . 0 

----- ----------



X 
X OXX O 

n ormal  
range I 

X X 
X 9 � 0 � 0 

XX X O  XX X O  XXX XXXXX X X 0 0 

0· 0 0 · 7  0 · 8  0 · 9 1 ·  0 

W I DMAR K R ,6_T i 0  

F i gu r e  o . S  

1 25 

00 0 

1 ·  1 1 ·  2 1 ·  3 

A f r e q u ency  d i a g r am o f  c a l c u l a t e d  H idmark r a t i o s  f o r  s n i r i t  d r inke r s  
( O) and b e e r  d r i n!· e r s  ( X ) . 
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TABLE 6 . 3  A compa rison o f  the b e ta slopes and \-Jidmark ratios  

ob ta ined by ana lysi ng the b l ood a l cohol level s ob tained , ( a )  f rom a l l  

p o in t s ;  ( b )  the f i r s t  three t o  four poin t s  and ( c )  the term i n a l  points  

o f  the  al coho l c urve . 

( a) (b ) ( c ) 

S ub j ec t  
Co B Co B Co B r r r 

6 1 2 56  1 9 . 4  0 .  76  1 39 6  2 5 . 1 0 . 6 8  1 1 5 5  1 6 . 7  0 . 8 2 
7 1 37 7  2 0 . 4  0 . 8  1 5 1 8 2 4 . 9  0 .  7 3  1 1 60 1 5 . 7  0 . 9 5 
9 1 26 6  1 7 . 0 0 . 9 2  1 368  1 9 . 8  0 . 85 1 2 35 1 4 . 1  0 . 9 4  

] 0  1 0 7 7  1 8 . 1  0 . 9 3 1 2 4 5  1 8 . 7  0 . 80 9 6 2  1 5 . 6  1 . 0 4  
1 2  1 098 20 . 4  0 . 7 3 1 3 30 2 8 . 0  0 . 60 990 1 5 . 2  0 . 8 1 
1 4  888 1 6 . 8  0 . 8 2 9 34 1 9 .  1 o .  78  754  1 3 . 3  0 . 9 7 
1 5  1 06 5  20 . 2  0 . 8 2 1 24 5  2 7 . 0  0 . 70 990 1 7 . 2 0 . 88 
1 6  866 1 9 . 9  0 . 88 896 2 1 . 6 0 . 85 858 1 9 . 8  0 . 88 
1 7  1 0 6 7  20 . 0  0 . 7 9 1 26 4  2 9 . 2  0 . 6 7  8 1 1 1 2 . 4 1 . 04 
22 1 7 46 2 2 . 5  0 .  7 4  1 830 2 5 . 0  0 .  70 1 79 2  2 0 . 1  0 .  7 2  
2 3  0 . 9 2 
24  1807  2 3 . 1 0 . 7 5  1 82 1  2 3 . 3  0 .  7 4  1 7 4 5  2 1 . 7 0 .  7 7  
2 7  1 1 29  1 4 . 1 0 . 9 2 1 2 4 5  1 7 . 5  0 . 8 3 1 0 7 5  1 2 . 9  0 . 9 7  
28 l O l l 1 8 . 4  0 . 6 5 1 1 7 9  2 5 . 1  0 . 5 6 886 1 4 . 5  0 . 7 4 
30 1 4 1 2  1 5 . 9  0 . 9 1  1 85 8  3 2 . 2  0 . 69 1 1 4 1  9 . 7  1 . 1 1 
1 5  1 086 1 2 . 9  1 . 04 1 4 1 5  2 2 . 0  0 . 80 1 0 7 5  1 2 . 6  1 . 05 
4 5  1 36 0  1 3 . 6  0 . 6 7 1 4 1 5 1 8 . 2  0 . 6 4  1 2 26 1 3 . 6 0 . 7 4 
8 5  585 1 6 . 1 0 . 89 698 2 2 . 4  0 . 7 4 367 8 . 9 1 . 4 
9 5  2 3 . 4  0 .  9!+ 2 5 . 4  0 . 90 1 4 7 1  2 4 . 0  0 .  7 1  

1 05 1 4 7 1 2 4 . 0  0 . 7 1  
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6 . 4 D I S C U S S ION 

The s i gn i f i c a n c e  of the r e s u l t s  ob t a i n e d  d e p en d e d ,  in p a r t ,  

on the a h s e nc e  o f  a "mou t h a l c oh o l "  e f f e c t . 1'\c> s u l t s  f r om d r i nke r s  

w i th r e l a t ive l y  lt i gh b l ood a l coho l l ev o ] s showed an a p p a r e n t  r e t u r n 

to e q u iva l e n t  b l ood l ev e l s  i n  ab o u t 4 - 6 � i n u t � s . Dubow s � i  ( 1 9 7 5 ) , 
h ad s h mm t h a t  e l i m i n a t i on o f  r L· s i d ua l mou th a l c oho l Has exnonen t i a ]  

and n e a r  z e r o l ev e l s  O L C u r r e d  l l  m i n u t e s a f t e r  r J n s i n g  t h e  mo u t h  w i t h  

a l c oh o l . Th i s  t i me was r e d u c j h l e t o  7 m i nu t e s i f  t h e  mou t h wa s r i n s e d 

\.J i t h \va t e r  a t  room t empC' r a t u r t> . A p c> i n t  \.Jh i ch mav }J (; over looked \.Jh e n  

wa t er - r i n s i n g  i s  ad o p t e d p r i o r  t o  b r e a th t e s t s , i s  tha t t h e  mou t h  

tem p e r a t ur e  may b e  l mv e r c d  h y  t h j  s p r o c e d u re '" i t h a consequen t f a l l  i n  

b r e a t h  t e mp e r a  t u  r e  and c o r r e s fJ o n d i n g  appa r e n t  a l c oho l c on ce n t ra U o n . 

� r ama t i c  d e c re a s e s  in a l c oh o l  c on ce n t r a t i o n s  h a v e  b e e n  d emons t r a t e d  i n  

c a s e s  Hh e r e  c ub e s o f  i c e  \vh e r (' h e l d  i n  th e mou t h  f o r  f ive mi n u t e s  b e f o r e  

b r e a t h t e s t i n g  (Monn i e r  l q 56 ) . 

I' a y n c  C' t  :1 1 ( 1 9 6 6 )  f L' u n d  .1 pr u l on gL•d "uuu l h  . J l ocho l \:' f L .' c t "  i n  
o n e  o f  f o u r  s t t !->  j c· c  t s  t L  ; t , • d  \·1 : 1 v r c• t h l '  i n '-; t r u rnc•r: t r c a d i n g s  \ 1 t · r L: o r  f 

s c a l e  f o r  t. O  n i n u t e s a [ t L' r  clr i n i · ; n ); . I L  i. s  J i f r i L ' t 1 t t o  p ;q> l a i n  th i s  

f i n d i n !> ·  S i �� fu r t h e r r c· f L· n· n · · L :  .. ; h'l' r L� mt o t e d  i n  a n  ed i t or i a l j n  Lhe 

s am e  j o u r na l on the mo u t h .:c l c o lt o l  l' f f e c t \: j t h t h L  , omme n t  t h a t t h c r t'  

h ad b e e n  ;1o r e co r d o f  a r r •. > l on�:l· d  a l c o h o l r P t e n L i •  .. ' ll . A t e T"' p o r a r y  

e l ev a t i o n i n  b r e a t h  a l c o h o l m ; r v  ;1 d s t> f r om e i. t 'l L' r r P gu r g j t a t i Ll n  o f  

s tona c h  c o n t en t s  o r  e r uc t .l t i L' I ' . I n  t h e  f o r mt' r  c a E: t: , th e s o f t  t i s s ue s 

:1 b o v e  t h L' Ll r Y n x  \vo u l d  iw c o mv s .l l u r a t e d  h' i t h o ] t · ( d t o l  f r om t h e  s t oma c h  

c on t e n t s  a nd h i gh b r e a th r e ad i n g s  mi g h t b e  o b t a i nt- d . A l c ol1 o l i c  

b eve r a ge s  f r e q u e n t l y c on t a 'i n d i s so l v e d  c a rb o n  d i o x i d e  wh i c h c ome s o u t  

o f  s o l u t i on i n  t h e  s t oma c h . A i r  may a l so b e  swa l l owed d ur i n g  d r i nk i n g . 

I n  e i t h e r c a s e , t h e  d i s t e n s i on o f  t he s toma c h  mav b e  f o l l m.,red b v  

e r u c t a t i o n  w i th g a s  r e l e a s e d  Hh i c h  w i l l  c o n t a i n  a l c oho l vap o u r  a t  

c o ncen t r a t i o n s  r e l a t e d  t o  the a lc o h o l  c o n c e n t ra t i on i n  t he s tomach 

c on te n t s  and mav give f a l se h i gh b r e a th v a l ue s . D e n t u r e  we a r e r s  may 

c on c e i v a b l y  have a l onge r mou t h  a l c o h o l  c l e a r a n c e  t ime b u t  t � i s  was no t 

d em o n s t r a t e d  i n  t h e  s t udy o f  B c g g  e t  a l  ( 1 9 6 6 ) . The "mo u th a l c oho l "  

e f f e c t i s  an impo r t an t f a c t o r  i f  b r e a th a l c oh o l t e s t s  are to b e  

p e r f o rmed o n  s u b j e c t s  who wou l d  no t v o l un t a r i l y  wa i t  f o r  1 5  - 2 0  m i nu t e s  

w i th o u t  d r ink i n g  p r i o r  t o  the t e s t .  The r e s u l t s  o f  t h i s  s t u d y  s u gg e s t  
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tha t whe r e  t h e  h ] ooct a l c o h o l  l eve l s  a r e  a J n .� ;1 d y  hi gh , the Ha i t i n g  

p e r iod may b e  sho r tened to  5 m i n u t e s . T n  c a s e s  Hhe r e  a "mou t h  a l c o ho l "  

e f f ec t i s  susp0c t e d , a t e s t  r epea t e d  o n l v  m i nu t e s  a f t e r  the f i r s t 

vou l d shm.; a much l01.;e r a l c oh o l  con c en t r a t i o n . 

In  t h e  s t ud i e s  d e s c r ibed i n  t he s � r g c an t s  me s s , three sub j e c t s  
d r a nk on l y  s p i r i t s , hu t a t  t h e  s ame r a t e· o f  a l c oh o l c o n s ump t i o n  a s  t he 

b e e r  d r i nk er s  and the i r  ra t e s  o f  i n c r e a s e  in h l o od al c oho l L e ve l  w e r e  

s imi l ar . A f u r t h.:: r t h r e e  sub j e c t s  supp l cm· n ted  t he i r  b e e r  i n t ake \v i t h  

s p i r i t s  <1 n d  a ga i n  th e r e \·Jas n o  e f f e c t  on t h e  r <:J t '  o f  <:J l c oho l c on s ump t i on 

o r  rate o f  i nc rease  i n  b l ood a l c oh o l  l e v e l s . T h e  maj o r i t y o f  s ub j e c t s  

app eared t o  have r e a c hed a ma ximum b l ood a l c oho l leve l Hi th i n  1 0  - 30 

minutes a f t e r  they had c ea s ed d r inkin g , \vh ich i s  in marked c o n tras t 

to  the f ind i ngs i n  t h e  l abora tory stud i e s . S ig n i f i ca n t  d i f f e ren c e s  

f rom t h e  lab o r a t ory s t ud i es wou l d  h e  i n  t h e  vo l ume s o f  a l c oh o l i c l i quor 

consumed , the c o n c en t r<:J t i ons  o f  a l c oh o l  i n  t he d r i nk s  and t h e  l on ge r 

d r i nking p e r iod a t  a s lc•\vl' r r e1 t e o f  c n n s unr t i o n l� n d e r  s o c i a l  d r i nk i n g 

c o n d i t i u n s . 

I n  s p i t e  o f  t h e  .:lh s ._ n r L' o f  a nY n p p n r L· n t.  <m .J:-•a l i c· s  n a l c o h o l 

ab s o r p t i o n ,  t h e  I J i dm :: r k  r < t i o �:; 1,•e rc ·  f L1 r  ·· n n h.' s u b  j L' t: t s , s t i. l ! u u t s i d e  a 

phy s i o l og i c a l l �· a c c e r t a b l c  r a n g e . �lo\·n•v .:.' r , a c o r r e l a t i on c o u l d b e  
sh own b c t\veen t h e  v :1 l u e .s  f o r  1 r 1  a n d  t h (' h e Ll s l o p e ; \vh c r e t h e  he ta 
s l o p e s  \·.· e re h i ��h , U t c  Vtl l m' of 1 r 1 t <•ncl r • d  t o  b e  l m-1 a nd v i c e· v e r s a . 

A s imi li :i r n c �a t i vc c o r r c l a t i. o n  c o e f f i. c i vn t  1 m s  n o t e d  by Lun d s gaar d 

( 1 9 5 3 )  c i t i n g e a r l i e r  ·.,rork o f  \ i i dmark a n d  S c hm i d t .  A l oH b P L a  s l o p e  

il nd a h i gh 1 r 1 va l u e rw s been sho\,'n t o  l' r c u r  t.Jh cn a l coho l  i s  consumed 

a f t e r  f oo d  a nd t h i s  h a s  b e en a s c r ib ed to a s l ow ab s o rp t ion o f  a l cohol  

f rom the g u t  ( Y i -Jong et  a l  1 9 7 6 ) . I t  s e e m s  tha t the p o r t i on of  the  

b e t a s lope e xamined i n  thes e s t ud ie s  was at  the  t e rmin a l  end  whe r e  

e l imina t io n  i s  s l m.;er than max i mum . In t he nresent  s t udy , the r e  i s  

s ome ev i d e n c e  f or a chan g ing r a t e  o f  e l imina t ion , i n  tha t ,  \vhe re 

in i ti a l  b l ood a l c oh o l  l eve l s  Here ana l y s e d  separa tely , the depend e n c e  

o f  ' r 1  on t he b e ta s l ope d imini shed . Und e r  i d e a l  cond i t ions , the s e  

two f ac to r s  sho ul d  b e  c omp l e te l y  indeoenden t . I f  a f ixed d o s e  o f  

a l cohol i s  given to  non-ob ese s ubi e c t s ,  the resu l t ing a l coho l curve s 

would rad i a t e  f rom a n a r r ow area on the ord i na t e  and r e f l e c t r ange s o f  

va lues  f o r  i nd ividual d i s t r i bu t i on v o l uMe s and the r a t e  o f  e l imina t i on . 
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I t  i s  c ommon l y b e l ieved tha t  t h e  s t e e p e r i n i t i a l po r t i on o f  th e b e t a 

s l ope imme d i a t e l y  a f t e r  d r i nk i n g  r e f l e c t s  a r ap i d  a b so r p t ion f r om the 

gu t i n t o  t h e b l o o d  lead i n g  to h i gh l eve l s  un t i l  the a l c oh o l has 

eq u i l ib r a t e d  w i th the ex t r a c e l l u l a r  wa t � r  po o l . �he s e  f in d i n g s  sugge s t  

t h a t  t h i s  c a n  a l s o r e f l e c t  <1 f L� s t e r  r a t· v  o f  d l c oho l me t a b o l i sm d ur i ng 

t he ea r l v  s t a ge s  o f  d r i n k i n g wh i l e  t l1 c  b l ood a l c o�o l l e v e l s  a r e  h i gh . 

On t h e  other hand , s u n no r t  f o r  a phv s i 0 l ug i ca l a h so r p t i on a nd d i s t r ib 

t l t i on e f f e c t c o r1l' S f r om t h e  ob s e r ve d d i f f L' r c: n c l: h e tH e e n  s p i r i t a n d  

b e e r  d r i n k e r s , 1v i t h  t h e  1- o rr1e r  g r o u p  s !iG •.·: i t l g  11 i 1• h e r  va lues f o r  ' r ' . 

I t  i s un l i k e l y  tha t su ch d i f [ e r l' n c e s  a r e  J u l.' t o f a s t e r  r a t e s  o f  

me tab o l i sm \-lh i c h  d e pend on t h e  type o f  L�lcoh o l  c o n sume d  a nd i t  i s  mo r e 

l i k e l v t o  b e  r e l a t ed to  t h e vo ] ume o f  f l u i d  and the r a te o f  a b s o r p t i o n  

o r  e c u i l i b r a t i o n  o f  a l c oho l b e twe e n  b ody wa t er poo l s . At p r e s e n t , 

i t  i s  n o t  p o s s i b l e  to s t a t e 1.-:i t h  c e r t a i n t y  �.o;h i ch o f  a numbe r o f  

po s s i b i l i t i e s i s  c o r r e c t .  

'!'h e  f i n d i n g s  o f  t h i s  s t u d v  L! r •  i r1 p o r t a n t  \·! l l L- n  c o ns i d e r i ng t h e  

p o s s i b i l i t y o f  i n l' r e a s e d  r <J t e  o t  ;. l < nh o i  me l ahc· l  i :<,m i n  a l c o h o l i c �; nvC' r 

n o rnw l  c o n l r ·.d •.; , ( r· ev i eH by Le l �) i1 L'h , I Y 7 '• ) . I t  h a s  l o ng h l· c· n  k n m-.'I l  

t ha t  a l c oh o l i c ,; <l r e  ab l e  t o  n l > s o r h  a 1 c ol > n 1  f r n iT! L h L· gu t a n d  n t t a i n  

h i gh e r  b l o od a l c oi 1 0 l  leve l s t h a n  i n e >:f) ( ' r  i <.· n c , • d  d r j nker s . C o n :-o e q u e n t l y ,  

i t  m i gh t  b e  e x r c c t ed tha t s u ch c; u h  j e L· t s \·' O t t l d  shm.; f a s t e r r :t t e s  o f  

; l l c o h o l  e l i m i na t i o n a t  an p a r l i L' T  t i ml' a f t l r d r i n k i n g  h e c i1 U S L'  thL· 

c i s t o r t i o n  i n  a h s (• r p t i on . ! n d  v q u j J j h r d t : , .n d t J l' t o  a h i. �h d o s � a g e  a r e  

IH .l t a p r n r e n t ,  'Ih c re m n v , i n  l < t c t . b v  n . >  t' L' 8 l , l j f f e r c· n c e s  i n  t he r o. t � s  

o f  a l c oho l mv t a b o l i sfTl b c t o e e n  a l c oh o l i c  d n d  norr . .. t l  d r inke r s . 

T h e  r e s u l t s  i n  th i s c h a p t e r  i nd i c a t e: t h a t und P r  n o r ma l s o c i a l  

d r i nk i n g cond i t i o n s . the i n c r e o. s e  i n  b l o o d  a l c o h o l  c o n c e n t r a t i on 

r a r a l l e l s  t h e  ra t e  o f  d r i nk i ng . Da t a  h a s  b e e n o� t a i ne d  on t h e  ma x i mum 

b l ood a l c oh o l  l eve l s  f or g i ven o ua n t i t i cs o f  a l c oho l c o ns ume d . l n  

t h e  nex t c ha p t e r , the a b i l i t y t o  pred i c t s u c h  b l o od a lc oh o l  

c onc en t r a t i o n s  f rom knmm c onsump t ions  · \.: i l l h e  e xamined . 
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ESTI��T I ONS OF B LOOD ALCOHOL LEVELS AFTER D R INKI 1G 

7 .  l I NTRODUCT I O N  

Ob j e c t i v e s  f o r  many o f  t h e  s t ud i es O P  a l c oho l me t a b o l i sm hav e 
b e e n  t o  ( a) p r ed i c t t he b l oo d a l c oh o l  l e v  · l s  aft er d r i nk i n g  a l c oh o l i c 

b e v e r a ge s ; ( b )  mea s u r e  t h e  r a l c  o f  alc u h,) l o x ida t i o n  o r  ( c )  d e t e rm i ne 
\vh e t h e r  t h e r e  u r e d i.  ( f e r cn c e s  b e tt,oJ e e n  s o - c a l l ed norma l  d r i n k • ' r �; and 

a l c oh o l i c s .  

I n  a l c o h o l  s t u d i L! S  r c' L t t L· d  t o  t o r ; · t h i • · " tL! d i c i n e ,  t l t L! n t i o n  h a s  
b e e n  d i r e c t ed s p ec i f i c a l l v  t o  mak i ng e s t i mn t e s o f  b l ood n l c c h o l  l e ve l s  

o f  ;;, s ub j e c t  a t  t h L!  t i me o f  a n  � c c i d e n t c· r d � a th .  T h e n ·  a r C:"  two ma i n  

approac h e s  t o  th i s  t v pe o f  prob l em .  F i r bt l y ,  wh er e t h e amou n t  o f  

a l c o h o l  c o nsumed i s  known , t h e  c o n c e n t ra t i o n  i n  the b l ood c a n  b e  
c a lc u l a t e d a ft e r  a l l owing f o r  t h e  amo unt me tabo l i sed . I n  t he s ec o nd , 

b a c k  c a l c u l a t i on s  a r e  made f r om k nmm b l ood a l cohol l ev e l s  a t  a 

p a r t i c u l a r  t i me , us i ng av e r a ge r a t e s  f o r  t h e d i sa p p e a r a n c e  o f  a l c oh o l  

f r o:n t he b l o o d . 

-; ') 
I • -

Th e i n f o r ma t i ,> t J  ob t a i n e d  d u r  J n g t h l  , · , : u r s c  o f  t h e� j' r t ' l' L' d  i. ng s t u d i e s 

CA !.C : L' LATl 0 :.:s 

Th e u s ua l t!l'-" t h o d  of u .I l c u l a t i ng t> l ,H " l  , J l c o h o l  l e v e l s  f r o m  

c o n s u mp t i o n f i gu r L' 'C i s  t o  r e a r r n ng v  t h v i·! i d ;n,1 t- k f o rmu l a ,  o b t a i n i n � 

A C o n c e n t t  a t i o n  ,J l z t· r o  t i m v ,  Cu ng / \: ) ·  ] , J cod = ----p . r 

I ns e r t io n  o f  L h L!  3 \' L  r a g L  ::; p e c if ic g r av j L y  u f  b lood d i v i d ed b v  t e n  w i l l  

g i v e  the b l ood a J c o h o l c o nc e n t r a t i o n i n  Elo r p  f ami l i ar t e rm s : -

Co mg / 1 0 0 m l  b l o o d  = 
0 . 1 06 A 

p • I 

I f  t he m e a n  va lue s f o r  r o f  0 .  7 4  f o r  ma h· s  and 0 . 6 3 for f ema l e s  a r e  

i ns e r t e d , t h e s e  f o r m u l ae b e come : -

0 . 1 4 3  A 

p 
a nd 

0 . 1 6 8  A 

p 
m g/ l OO m l  f o r  ma l e s  and femal e s  r e s pe ct i ve l y, 

where A i s  the d o s e  of a l c oho l i n  m i l l i g r ams and p i s the b o d y  w e i gh t  

i n  k i l o g r ams . B l ood a l c ohol l eve l s  are req u ire d at s om e  t ime aft er 

dr in ki ng, s o  tha t C o  mus t b e  mod i fi ed b y  sub tr ac t in g  t h e  aver ag e  r at e  

o f  d i s ap pe ar anc e f r om the b l o o d  f o r  t h e  t i me peri o d  from wh en d r i nk i ng 
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began u n t i l t h e  e s t i ma t e  o f  b l ood a l c o h o l l eve l . 

I t  has b e e n  s hown i n  the r rev i o us c h a p t e r s  tha t va l u e s f o r  ' r '  

i nser t ed i n t o  t h �  W i J ma r k  equa t i on a r e  f r e q u en t l y  ove r e s t i ma t e d  i n  

dr i nk i ng s tu d i e s . S uch a n  ove r e s t i ma t e  \·J i 1 1  l e a d  to e r r o r s  i n t he 

ca l c u l a t i on o f  b l ood a l coho l l cv L. l s  . . h.m cn· p i r i c a l  a p p r oa c h  to t h i s  

p r ob l em ma y b e  ma d e  h y  j ns e r t i ng t he <1 V L' r<l .; t ·  V<ll ues  f o r  ' r '  f o 1 mc! f rom 

ac t u a l d r i nk i n g exp� r imcn t s . 

A s i m p l c· r  a p p r o a c h \vas s u g ge s ted hv lia r ge r  e t  a l  ( 1 9 ')6 ) . A 
c orrunon f a c t o r  i s  d e r i v e d  f r om t h �.:  f o rmu l a : -

Fac t o r  
b l ood a l c oho l l e ve l mg/ 1 00 m l  x bodv we igh t k� 

a l c oho l dose i n  g r am s  

so t h a t  the b l ood  a l c oho l l eve l s  ma y be c a l c u l a t ed by r e a r rangeme n t : -

B lood a l c oh o l  mg / 1 00 ml  
Fac t o r  x a l c oho l dose  

b o d v we i gh t  

o r  mor e s i mp l y  a s  Fac t o r  x d u s c  i r. g / l: g  

H <1 r gc r  u s e d  t h i .:;  i' 0 r r.;u L.1 t u  c a i c u L t t.• t i l L ·  p L• , J k  b l ood a l c oh o l � h i l t  

n b v i o u s l y ,  t a c t m· s  c �111 b e- , · a l e u l a t eJ fn r :. h l oud a l col w l  l e v <-! 1  <l t a n y  

t i me a f t e r  d r i nk i ng ! l \' t h e  li S L' u f  t h � a p P t L• p r i d te da t a . 

A l t e r 'l <l t i v C' l y ,  t h e  dL' :' c • n J ,1 L L < '  o f  b l n t> d  a l c oho l l t· ve l ::-· on d o <; e  

p:;w b e  s t a t i s t i c a l } \' a n a l v !-> L'J t ll g i V L' r · · �, r ,• , s i u n  fo rm u l a '= w h i c h w i l l  

p r e d i c t  l H·. '= l v  t J l e o J  a l c o!h .. l L L• \· , · l s u nd ·  r �; i m i l a r  c i r c ur:s t an c c• s . 

i im, e v e r , d r i n k i n g  c L r c ums t ;J n c e s  r:El v d i f t •. · 1·  s uh s t a n t i a l l v  i' r u m  Ul l' 

c ,m d i t io n s  u n d e r w h i l'\1 t lh' d a t .l f o r  t h l'  r L g r l' s s i o n was ob t a i n L· d . I t  

i s  mor e genera l l y a p p l i c a b l L  t u  u s e  s ue h r l'g r e s s ions t o  c a l c u l a t e  t h e 
t lH �o r e t i c a l  b l o o d  a l c oho l l � v e l s  a t  z e r o  t i m� , or the t i me a t  1vh i c h  

d r i n k i ng b e ga n , a s s um i ng t h a t  a l l  t h l! a l c oho l c on sume d i n  the  s ub s e q u e n t  

p e r i o d  wa s a b s or b ed and e a u i l i b ra t ed t h r o ugh o u t t h e  body a t  th i s  t i me .  

B l ood a l c o h o l  l ev e l s  a t  any l a t l' r  t ime n�J v h e  f ound b y  sub t r a c t i ng the 

mea n r a te of e l i m i na t i o n  of a l cohol  f ro m  t l w  b l ood per h o u r . 

7 . 3  RESULTS 

U s i n g  t h e  \H dma rk f o rmu l a w i th t he C "a l c u l a te d  mean v a l u e  for ' r '  

t h e  expe c t ed b lood a l c oho l l ev e l s f o r a n  a l c oho l do se o f  0 . 4  g / kg a r e  

5 7  and 67  mg / 1 00 ml  f o r  ma l e s  a nd f e ma l e s  r e s pe c t iv e l y . Taki n g  the 

ave r a ge ra te of e l im i na t ion o f  1 5  mg / 1 00 m l /hr , the exp e c t ed b lood 



a l c o h o l  l ev e l  one h o u r  a f t e r  dr i nk i ng wo u l d b e  4 2  and 5 2  mg / 1 00 m l  

r e s p e c t iv e l y . S i m i l a r l y , wi th a n  a l c oh o l  d o s e  o f  1 . 0 g / k g  and an 

e l im i na t ion r a t e of 1 5  mg/ 1 00 rn l / hr ove r two h o ur s , t h e  exp e c t ed 

b l ood a l c oho l l e v e l s  wo u l d  be 1 1 3  and 1 3 8 ng / 1 00 m l  f o r  ma l e s a n d  

f e ma l e s  r e s p e c t i v e l v . T h e  mea n ob s e r v e d  b l oo d  a l c o h o l  l e ve l s  i n  t he 

0 . 4  and 1 . 0 g /k g s t u d i e s �e r e  h i gh b y  1 0� a nd J S %  r e s p e c t i v e l y  ( Tab l e  

7 . 1 ) .  Ha r g e r  f a c t o r s  c a l c u l a t e d f r om t h v  :'1 l 'a n b l ood a l c oh o l l t>ve: l <.�nd 

L h ..:  dose f r om each g r o u p  arc a l s o s h own i 1 1 Ta b l v  7 . 1 and c o r r L� < ' t t he 

o ne -w a y  b i a s  o f  t h e  \.Ji drna rk c a l c u LJ t i o n �; . 

In t h e  s o c i ,l l d r i nk i ng s t uu v ( C h ap t l' r  fi ) , t l • c  a l c oho l d o s e var i e d  

f rom p e r s o n  t o  p e r s o n . T h e  b l o o d  a l c oh o l l e v e l s were c a l c u l a t ed f o r  

e a c h  d o s e  i n  g / k g  f r om t h e  \>i i d ma. r k  f o rrau L .1 ,  s u b t r a c t i ng t h e  amo un t  

me tab o l i s e d  a t  an ave rage ra t e o f  1 8  mg / 1 00 m l / h r  for t h e  t ime b e tween 

t h e  s t a r t o f  d r i nk i n g  a nd 30 m i n u t e s  a f t e r  d r i nk i ng h ad s t o p p ed . T h i s  

c a l c u l a t ed va l ue \·.' a s  c omp a r e d  w i t h  t h e  t v s t  r e s u l  L ob t a i n ed b y  

i n t er p o la t i o n  o r  'l i n L· a r  r x t r a p t) t a t i. l) r:  o f  t h l' .::� c t· u <J l b l o•.)d a l c o h o l 

l ev e l s .  The c u l c. u l a  t ed l' L' S td t ,· o n s i s  t L' t t l.  I v o ' L' r < · s  t ima t cd the: a • · L u a l 
Leve l b y  a n  ,J v v r a g e  o f  . 1 L w i l i l  :1 s l n mL r d  d c• v i a. t i o n  o f  1 n:: f u r  t h e 

b t! e r  d r i n k e r s , ,md 7 ') /, ( s . d .  sq e: )  i n  L lh· •; p i r i t d r i nke r s . ThL' \ ! S L' o f  

t h e Ea r g t! r  f u c l o r s  o l  0:2 a n d  6 2  f o r  t l : c  h v L' T' a n d  s p i r i t d r i nk e r s 

r .! s p e c t i VL' l y ,  c o r r e c t ed L h c.:  b i a s :1 s b c f c , r v  lv i t h i..l sma l l i mp r oveme n t i n  

s t a n d a r d  d � v i. a t i o n L) f 1 �  : w c l  5 2 �: .  

T i l e  r l! g r L· s s i o t l  t' L> t• f l i. c i  .. · n t o f  h L oc'd . < l t · o !w l l ev e l  o n  d n s L' f o r  t h i s  

d a  L a  1-:.:J s  1 2 5 \v i t i1 .::1 1 1  i. n  t c r c e p  t o f  2. . !) I • tHl  <t L L· o ! t n l  l e v e J  s t o r t hr ·� c  
h o u r s  .::� f t e r  d r i nk i n g  b e ga n  w e n! J e t e r m i n l' d  l· r ,)ttt t h e f o rmu l a : -

( 1 2 5  X ci O S L  g / k g )  + 2 ( av e r a g e  B x t ime ) 

B l ood a l c oh o l  l e ve l s  \ve r e  ob t a i n e d  b y  J i n e a r i n t L  r po l a t i on o f  t h e  a c t ua l  

l e v e l s  a n d  comp a r e d  r o  t h e  c a l c u l a t t:·cl v n l m· .s ( F i )!u re 7 . 1 ) a n d  n i m· t y 

p e r c e n t  o f  t he r e s u l t s  f e l J w i th i n  - 2 5  a n d  + 2 0  mg / 1 00 m l  o f  t h e  

r egr e s s i o n l ine . F o r  t h e  0 . 4  g / k g  d o s e  n n d o n e  h our a f t er d r i nk i ng , t h e  

f o rmu l a  p re d i c t ed a b l ood a l c oh o l  l e v e l o f  3 7  mg/ 1 00 ml  a n d  f o r  t h e  

1 . 0 g / k g  d o s e  and two h o u r s  a f t e r  d r i nk i ng ,  n b l oo d  a l c oh o l l e ve l  o f  

9 1  mg / 1 00 m l  f or ma l e  sub j e c t s . \fu en t h e  f o rmu l a  wa s a pp l ie d t o  t h e  

d r i nk in g  s t ud y  d e ta i l e d  i n  append i x  l ( RY LA p r o j e c t )  fo r a mean t ime 

a f t e r  d r i nk ing b e gan o f  1 50 mi nu t e s , t h e  r e s u l t s f rom 3 3  o u t o f  4 3  



TABLE 7 . 1  C a l c u l :1 t e d  and c b s e rv c d  b l o o d  n l c oh o l  l eve l s  i u  

s ub j e c t s  o n e  � o u r  a f t e r  c o n s um i n g  a n  a l co h o l dose  o f  0 . 4  g / k g  
body we i gh t  o r  two hour s <1 f t e r  c o n s urr: i n v  1 . 0 g / k g . The H a r g e r  

f a c t o r s  w � r e  ca l c u l a ted f r o� t h e  m � a n  ob � c r v e d  bl ood a l c oho l 

L e ve l s  and t h e  d o � � -

------·--------------- ··----

A l c o h o l d o s � 

---·---

0 . 4  g /kg 

g/ k g  

ma l E:· 

f er:1.a le 

Ca l c u l a t .:- J b l o o d  
a l c oho l mf / 1 �0 .1 1 

4 2 

5 2  

OlJ �·;c rved b l ood 
a lcohol  

5 0  

5 6  

3 2  - 76 

4 6  - 6 4 

1 13 

H a r. ge r 

F ac t o r s  

1 2 4 
1 3 9 

---- - --·--·- -------·· ------ - -------- --- -·-- --------

l .  0 g / k g r::a 1 L '  l l J 
1 38 9 8  

6 6  - 1 :!_ r) 1 1 3  
7 7 - 1 1 5  n s  
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I r CY ,l 
/ I 

/ 
/ ,. 
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+ 
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0 
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I I 

1:3 4  
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./ 
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0 / -----��------��------�----�------�-------�--� 

0 - 6  0 - 8  1 ·  0 1 · 2 1 . i. 1 ·  6 

ALC OH O L  D OSE g I kg 

F i g u r ,� 7 . l 

Ob s e rv e d  b l oo d  a l c oh o l  l e v e l s  1 h o u r s  a f  l l' r  d r i nk i n g  b e g ·m a ga i n s t 

o. l c oh o l  c onsump t i on .  The me an r e g r e s s j on 1 i ne i s  shm-m -vd t h  ± 
20 mg / 1 00 m l  bound s .  
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subj e c t s  l .1 y  w i t h in a ± 20 mg/ 1 00 m l  s p r e ild  o f  ca l c u l a t e d  b l o o d  a l c oho l 

l ev e l s . 

7 . 4 D I SC U S S I O� 

Th e s e  c a l c u l a t i o n s  shoH t h.:J t e v e n  \·.' i t e r L' m .. t n y  o f  Llw va r i a b l e s  

a s s o c i a t e d  lv i t h d d  nk i n g ,..; u ch a �  p r  i u r  • · :J t i t l �', , q :u n t i L y , t imt.> o f  

c o ns um p t i o n  a n d  t im e o f  t e s t s a r c>  s t r i c t l y c o n t ro ll ed ,  t lw e t· r o r s  i n  

e s tima t i ng b l oo d  l c v e 1 s f r oPJ c o ; :sump t ic' n  f i pt rL' S  c a n  b (:  c o n s i d e r a b l e . 

The u �; e  o f  t h e  H i d trn c k  fo r mu l a c a n  l C'.:.td , i n  t he t:laj o r j r y o f  ca s e s , t o  

a n  overes t ima t i o n  o f  t h e  a c t u a l b l oo d  a l L· t, ! J o l l ev e l s  \·lh i c h  i s  probab l y  

c a u s e d  by i n comp l e t e  a l c oh o l  a b so r p t i o n  f rom t h e  gu t and n u n - l i ne a r  

a l c oho l e l i m i na t i o n  k i ne t i c s . 

Th e u s e  o f  Har g L' r  f a c t o r s  A v o i d s  t h c- b i a s  o f  th e \Vidma r k  me t h o d , 

b u t  t h e s e  f a c t or s a r e  o n l y  a p p l i c ab l e  t •J � i m i l a r pe r iods o f  d r i nk i n g 

and t i m e  o f  t e s t . T i : i s  l i m i ta t i on dls•'  ·1 p p l i e �; to the r..:grL· s s i o n  
f o rm u J a .  Th l 'll o r c  ;c ce n c r.:ll l y  J :' i d i c il h 1 c  : , , t m u l a  i s  tha c 1;h i d1 c a l c u l a t e s  
t h e  c o n c .::· n t r a t i o n  u l  t 1le n r d i n :l l �' ,  su b � · · r; l l < ' n t l v  S t t b t r : • t · L i ng L h e .J no t; n t  

o f  L"l l c oho l e l i lll i n<.J t • · < :  L n  t h e• h � --'< · Li d t : r i. • · g t i l L' d r j n k i n g � w r· i. o J . T h Ls  

nk t h o d  u nd e r e s t i ma t •  .. d Uw <'X P t' c t e d  IJ i u o < :  d t �· o i w l l ev e l s  11 h c n  t h e 

a l c o h o l  t..i o s e  w a s  L O\·J , p r o b a h l -.• b e c a u s e  o l  L i t e s l m-J c r  c: l i!!' i n::� t i o n  f rom 

t h e:  b l o od L"l t  l.Oh' .::;l c o h o l l •.> v e l s . \·l l t h L ! . v  l . Cl g / k g  s t udy , t h l' fo rmu l a  

p r e d i c t e d  t h e m e a n  b l o o d  a l c oho l l e vL· l "• i L h r er,L3 rkab l l' a c c u rc1 c v . When 

u p p l i eci t o  t he RYLA c; t u d y ,  t. h L· '.vo r s t p r (' d j c t  i o n s  K e r e  ld t h  t h o s e  

s ub j e c t s  \vh o  ho. d C C 'lb u rn e d  L n g c  d o s t.:' S  o t  . : l c oh o J  ::� n d  i. t  i s  l i !. t' l y  t h a t 

a b s o r p t i o n  f ro�:: t h e:  g u t  1-.>a s no t �·omp l � t v j n t i H' s c  sub j e c t s . A t e n d anc y 

t o  u nd e r e s t ima t e: b l ood  h �v e l s  L"l t  l o•.v a l c o l J.J l dosc� s  wa s a l so s e e n  i. n  

t h i s  grou p , b u t the r l' a r e  h o u nd t o  b e  sonH ' d i s c r e p a n c i e s  d ue t o  t h e  

va r i ab l e t ime o f  t e s t  in t h i s  g r o u p . Th e t e s t i ng p e r i o d  c ov e re d a 

9 0  m i n u t e  i n t e r va l so  tha t some re s u l t s we r v  o b t a i ned on l y  o n e  hou r  

a f t e r  d r i nk i ng h a d  s tar t ed a nd o the r s a t  two a n d  a h a l f hour s .  

The g e n e r a l app l i cab i l i ty o f  the f o rmu l a  c an be s e e n  b y  c ompa r i son 

w i th re po r t ed d a t a  in the l i t e r a t ur e . Dubow s k i  ( 1 9 7 6 ) pub l i s hed an 

i de n t i c a l  r e g r e s s i o n  c oe f f i c i e n t  a nd va l u e  for t h e  i n t e r c e p t to 

e s t ima te  max imum b l o o d  a l c oho l l e ve l s .  Co l dwe l l  et a l  ( 1 9 5 9 ) , pub l ished 

t h e  r e s u l ts of b lood a l cohol l eve l s  i n, 50 s ub j e c t s , 1 - 2 hou r s a f t e r  

t h e  consump t ion o f  v a r y i ng doses o f  a l c oho l ,  one hour a f t er a l i gh t mea l . 
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The r e s u l t s  f o l l owe•i t h e  r e g r e s s i o n  l i n e s f o r o n e  or two h o u r s  a f t e r  

d r i nk i ng when a r e g r e s s i o n  c o e f f i c i e n t  o f  1 2 5 w a s  u s e d . A r e g r e s s i o n  

c o e f f i c i e n t  o f  1 4 3  o b t a i. n c d  f rom t h e  H i clrna r k  f o rm u l a  l ed t u  a 

p r o g re s s i v e  o v e r e s t i ma t e  o f  b l ood a l c o !1 o l  l e v e l n s  the a l c o h o l  d o s e  

i nc r e a se d . T h i s po i n t may h e  S <' l.!l n s  f u r t lw r e v i d e n c e  i n  f a v o u r  o f  a 

I n  c u n c l u s i o n , t he c a l c u l a t i on o f  l i l·· e l y  b l o o d  a l c • J h o l l ev e l s  

f r o m  a k n rll·: n d o s e  o 1  a l  oh..:.· l  i ::: b t> s t ma dL· f r um a r eg r e s s i o n mod e l , 

c a l c u l a t i n g t h e  a l c o h o l  h· v e l  .1 t t rl l' i t l t L· rt L' fl C  and t h t: n  s u b t r a c t i :� g  

t h e  amo u n t  o f  e l i mi n a t i o n f r om L l h· b l o n d  o v L· r  L l w  r e q u i s j t e  t i me� 

i n t e rva l .  I f  a r e g r e s s i o n  c o e f f i c i e n t  < ' l 1 2 5 i s  u s ed a n d  t :1 e  av(� r a g e  

ra t e  o f  e l i m i na t i o n  f rom t h e  L 1 oflJ o f  1 8  m g /  l 00 m l / h r , th c-n t h e  

maj o r i t y o f  e s t ima t l' s  a r e  w i t h i n  :! 20 mg / l l) O  m l . Back ca l c u l a t i o n s  from 
a k n ohrn b l o o d  a l c oh o l  l ev e l ma y b e  ma d e  t t •d ng t h i s  r a t e  o f  e l i m i n a t i o n , 
b u t  i f  e x t e n d e d  t o o  f a r , t he e r r o r s m a v  h e  L' < nl s i d e rab l c  ;1 s t h e  r a n g e 

o f  b e t a e ]  i m i na t i o n l w s  h v c n  s l " 'h'r: t LJ b c• ' r o n; l l  - 2 9  mg/ l OO r:1 l / ho u r . 

T1w · : · >i_ l i t y t l '  p r � · d i 1 · t  h J , , < J cJ . d � · n h ,, l i •. · V L· � s a f t e r  t iH C •J n s u r:1 p t i o n  

1 [  knmn1 ( ,• a n t i t i c s  n f  <:! l c olw l b r i n g s  w i t 1 1 i l  ; 1 11 i m p o r t a n t •..: .J r o l l a r y , 

tl1e1 t c o n s t tn:n t i o n  m a v  h e  v s t i ma t L".i f r\ l m  <1 krw\.;n b l ood a l v olw l L:! v c d . 

T h e  f e a s i h i l i t v  o f  r .1 p i d  h n· a t h  l. 1..' S l s  tL'  , • :-: t i mn t e b l o o d  , t l c oho l l c v L· l s  

ha s b e e n  rk mo n s t ra t L· d u n d  i t  i s  nm,• p o s  ; i h l L' t. n  u s e t h i s  me t h o d  a o.;  

T i l l '  p r , H· t i c : r h i l i. t v o f  s lw h 
' . �t p p c- n u  1 ;.  I , t n J 2 \J h e r  c :-: u c h �; t u  d 1 , • •; 

ha v e  b e e n  r1ad e .  Thl '  f i r s < \v<J S o r' .1 c a p t i v v g r o u p  o f  y o u n g  p e- o p l e  

d r i nk i ng i n  3 pa r t y  s i t ua t i o n  a nL� t h e  s t• ,· u n d  •.,•a s e x t e n d ed U> r o ve r t l 1.2 

d r i nk i ng h a b i t S  O f  pa t r o ns vf t ! t L  b a r S  n f  ! J , • t V l S  O r  t a v e r n s . 
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CHAPTER 8 G EN ERAL D I SCUSS ION 

Compar i ti  v c  s t u d i es on b n• a  th-a l c ohol t e s t ing d e v i c e s  have 

shown the ma gn i t ude o f some de f ic i enc e s  in t h i s area of techno l ogy . 

I d ea l ly , s u ch dev i ces should be p o r t a b l e ,  r e q u i r e a m i n i mum n umb e r  o f  

r e-ca l ib ra t i ons  and p r ov i d e  ac c ura t e  r t· s u l  t s .  F u e l  c e l l  i ns t r ume n t s  

a r e  being d e v e l o p e d t o  a s t a g e  Hh ich a p p r o .:.w h e s t h i s  i d e a l  s i t ua t i on ,  

b u t  there i s  s t i l l  unce r t a i n t y  wi t h f r e q u e n t c a l ibra t i o n s  and t h ey 

a r e  uns u i t ab le  f o r  ma s s - s c r e e n i ng programm� s .  I t  seems tha t 

�1p r o v emen t s  i n  r e c ov e r y  t ime s a f t e r  a b re a t h  ana ly s i s  ha s b e en 

c a r r i e d  o u t  could b e  a c h i ev ed i f  t h e  f u e l c e l l t empera t u r e  \va s  r a i sed . 

A t  the p r e s e n t t ime , t h e  \vho l e  samp l i ng h ea d  l s  mai n t a ined a t  

appr ox ima t e l y  6 0° wh i c h  i s  a t t he uppe r l i m i t  f o r  ope r a t o r  c omfor t i n  

hand l ing the device . I t  wo u l d  b e  log i ca l  t o  loca l i se t h e  hea t ing 

e lemen t at  the  cataly t i c s u r f a c e  whe r e  m u c h  h i gher t emp er a t u res 

could be a t t a i ned \·: i t h l ower p mvc r c o n sump t i o n . Hmveve r , i t  i s  s t i l l 

no t kno\vn wh e t her  s u c h  : 1 ! 1  i n c r e a s L· i n  t vc1pe r n t u r e  \vou l d p r od u c e 

s u b s t a n t i a l gn i n s  i n  r t • p r l> d u c i b i l i t \ a nd s p L· e d  o f  ins t r um en t recovery 
b e t w e e n  e s t imu t i o n s . 

\�e t c h end c a l  t:H: t h od s , " t t v h  a �; t h . 1 t  u s l' d  i n  t h e  U r e a t h a l y z e r , 

o f f e r a d van t a g e s  i n  a v o i d i n g  t he lh: e d  f l> r  c <1 l i b r a t i o n s . Howev er , the 

us e o f  a s u l ph u r i c  a c i d - L· o n t a i n i n g m -i x t tJr L· p r c s l! n t s  p r ob lems a n d  c a n  

h e  ha za r do us . E v e n  i. f " no n - c o r r o s i v l! r l'<l t ' L a n t for  a l c o h o l \,'a s f ound , 

t h e r e  could s t i l l h l· p r o b lems i n  us i ng g L 1 •.; s  ampo u l e s . t1a ny , 
l ab o r a t o r y  i n s t r umen t s  o p er a t e on a b a s i s  o r  con t inuo u s  f l ow a na ly s i s  

and i t  i s  po s s i b l e tha t a mod i f i c a t i o n  o f  t h i s sys t em c o u l d  b e  mad e 

\vi th e i ther a c omp l e t e l y e n c l o s e d  a p pa r <t t t J S  u r  encap s u la t ed reagen t s  

f o r  d i s c r e t e  analys j s .  Gas chromat o gra p hs <1 t  pr esent r eq u i re 

o p e ra t i n g  temp e r a t ur e s  o f  n e a r  1 00° usua l lv wi th f l ame i o n i s a t ion 

d e t ec t i o n . Separa t i ons  might  b e  ob t ained a t  l mver c o l umn t empera t u r e s  

w i th d i f f erent  packi ngs a n d  more compac t de t ec t ion sys t ems . Therma l 

c ondu c t iv i ty  mon i t o r i n g  i s  uns u i t a b l e  f o r  breath  ana l y s i s  because  o f  

i t s  h i gh s en s i t iv i ty t o  "'a t er vapour . HO\veve r ,  b r ea th c o n t a ins  f ew 

o ther c omponen t s  in quan t i t i es equ i va l en t to a l c oho l c on c en t ra t ions  i n  

s ubj ec t s  \vho have b e e n  d r ink i n g  a nd th i s  s i t ua t io n  may p rov ide 

a dvan ta g e s  in adap t ing s im p l e  fuel  c e l l s o r  gas s ens i t ive s emi cond uc t o r s  

f o r  t h e  d e t e c t io n  o f  a l c oho l . S uch d e t ec t o r s  o f fe r  advantages o f  l ow 
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c o s t  and l ow powe r c on s um p t i on . A r ewa r d i n g area for developme n t  

c ould  b e  the adap t a t ion o f  a po r t ab l e g a s  c h r oma t ograph u s ing s u c h  

a d e t e c t o r  at  an oven t empe r a t ur e  of  4 0 - 5 0
°

, i . e . ,  j us t s u f f i c i e n t t o  

p r event cond e nsa t io n  of \va t e r va pour  o nd vJ i t h  a i r as the c a r r i er gas . 

A t  presen t , s em i c on d u c t o r  d ev i c e s  a r �  on J v  us� ful  in prog ramme s wher e  

r e la t iv e ly l a r ge n umb e r s  o f  peo p l L'  a r � <.; t T L' t ' n L'd v.• i th a f a i r ly l m.; 

level o f  a c c u r a c v  i n  b r ea t h  a l c oho l a n a l v s i s . Apa r t f rom im p r oveme n t s  

t o t h e d e t e c t i on s y s t e� s , s ome s t a n d a r d i s a t i o n o f  breath  v o l ume and  

a l s o par t i t i on co e f f i ci en t  t o r b looJ t o  a i r  i s  d e s i rab le . The 

Br ea t ha l y zer 1 000 ha s b e e n  deve l op e d  s o m L' way t owards t h i s  end wi t h  i t s  

t w i n  b r e a t h  c o n t a i n e r s . An automa t i c c u t -o f f o f  b r ea t h  f low once the 

s e c o nd con t a i ner i s  f u l l  wo uld  l ead t o  f ur t h e r  improveme n t s  in  

r e p r oduc ib i l i t y .  Th e d e s ign c on c e p t o f  a l l  i ns t r ume n t s appe a r s  to  

a s s ume tha t the b r e a t h  a l c oho l c o n c e n t r a t i o n  i s  co n s tan t a f t e r the  

e x p i ra t ion of  t i d a l  a i r  n nd th i s  i s  c l c <l r l  y n o t so . Fur ther wo rk o n  

b r e a t h  t emp e r a t u r e s  i s  r L· q u i r v d , p a r t i c u l i.J r l y \·:he r e  a b r e a th  t e s t  ma y 

b e  r e qu i r e d  a t  t h e  r oad s i cl t • . I t  S <..L'm s  h i )-', h l �· p r obab le t h a t , a t  t h e  

p r e s e n t  t i me , r o a d s i l: c· b r ,  a t h  l L' S L �; \·W u l d  t l nd t · r t • s t ima t e  t h e b l o o d  
.:.1 l c oho l l e v e l i n  a s u b _j v v t  c1 u i l L' L' t h i d t • r < l i , ! y , v s p ec i a l l v i n  l t ll?  

\,' i n t e r t ime . 

\\ i t h i n c r v .1 s i n )� a l' c u r <l l ' '.' 11 f b r v a t h  t L' S t i n g  a nd t he e l im i na t i on 

o f  f ac t o r s l e a d i ng t o  v.:� r i a t i o ns in a l c o h o l L' s t ima t ion s no t o f  

p hy s i o l o gi c a l o r i g i n ,  t h L' b r e a t h  z.� a n  lll' n·ga r d c d  a s  a s amp l v i. n i t s  

o w n  righ t . T h e  ana l y s i s o f  b r e .:J t h  a l o n v  c H n  g iv �  an a c c ura l L'  

m e a s u r e  o f  the amo un t o f  :l l c oh o l  i n  L h l' bod y . I ncreas i ng l y ,  

b ehaviour a l  s c i en t i s t s  .:� r e  b e com i n g  i n t � r � s t c d i n  brain a lc oho l l e ve l s .  

S uc h  l eve l s  may be q u i t e  d i f f er e n t  f r om t h o s e  f o und in the venous b lood 

t aken f rom a vein in the c ub i t a l  f o s sa . B y  con t ras t ,  b r e a t h  l eve l s  

c o u l d  b e  mo r e  r e l eva n t  i n  re f le c t i ng c o n c e n t ra t io ns in ar t e r i a l  b lood as 

it  l eav e s  the l ung s . A t  t h e  p r e s ent t ime , impai rment o f  per f o rmance i s  

u s u a l ly r e l a t ed t o  a b l ood  a lc oho l l eve l s . However , t h e r e  i s  no 

impo r t a n t  r e a s on why i t  c ould no t be r e l a t ed to the concen t r a t ion o f  

a l c oh o l  in t h e  b r ea t h . l n  par t ,  this  i s  a c c e p ted in r e cen t d r i nk ing

d r iv ing l e g i s l a t ion whe r e  i t  is an o f f en c e to  d r iv e a mo t o r  v eh ic le 

w i t h  a b r e a t h  a l c oh o l  c o n ce n t r a t i o n  g rea t e r t han 5 00 �g/ l i t r e (Ac t o f  

New Zealand P a r l iamen t ,  1 9 7 8 ) . 
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F rom s t u d i es o n  t h e ab sor p t ion , eq u i l ib ra t i o n  and e l im i n a t i o n  

o f  a lc o h o l  i n  human vo l un t ee r s , i t  i s  c l ear tha t ther e a r e  

d i f f ic u l t i e s  i n  t he me as ur eme n t  o f  r a t e s  o f  e l im i na t i o n  o f a l co h o l . I f  

the a l c oh o l  d o s e  f o r  a sub j e c t  i s  l mv ,  t he d i s t r i b u t i o n  v o l ume c a n  b e  

mea s u r ed wi th reasonab ] e  a c c ur a c :: ,  b u t  L' l i m i na t i on ra t e s  a r e  i n  s uc h  

ca se s , a l s o l ow . A s  t h e a l c oho l d os e i s  i nc r e a s ed , t he o b s e r v ed 

e l i m ina t i on ra t e s a r e  h i g he r b u t  t h e  a c c u r a c y  o f  mea su rem en t s f o r 

d i s t r i b u t i o n  v o l um e s  d e c r c n s e s . Ob s e r v L• d  r a t e s  o f  a l c oho l e l im i na t i on 
w i l l  c or r e s po nd t o  t h e  t rue  oxida t i on ra t es L> f a l c oho l  i n  the body , 

i f  t h e  a l c o h o l  ha s h e c ome f u l l y e q u i l i h r Lt t e d in  a l l  o f  t he body wa t e r . 

S u c h  eq u i l ib ra t i o n i s  e s p e c i a l ly i mpo r t a n t i f  d i f f er e n c e s  i n  a l c o h o l  

e l im i na t i o n  b e n1e e n  var i o us rac i a l  groups or b e tween a l c o ho l and norma l 

subj e c t s  a r e  to b e  mea s ur e d . 

A l t e r na t i v e  m e t hod s o f  measur i ng t h e  a l c oho ] oxida t i on r a t e s  

a r e  r e q u i r ed wh i c h  avo id , o r  a t l e a s t  d e t e c t anoma l i e s  caused b y  

d e l a y e d  ab so r p t i o n  <1 n d  eq u i l i b r a t ion . P r e ]  i. t:J i na r y  s t u d i e s have b ee n  

ma d e  on t he u s e  o f  s t ab l e  i s o t o p e: s  a s  l r <1 l ' l ' l" s  L o  s t ud y  such r <1 t e s  o f  

a b s o rp t i o n  ;:md eq u i l ib r a t i o n . I n  t h , •  • · =� p · · r i 'll l' n t s  d e s c l- i b c d  i n  c ha p t e r 

5 ,  s ome i ns i gh t  ha s b een gn i n e d  i n t •l t ! J v  n> I L' o f  t h e  p y l o r i c  s p h i n c t e r  

i n  c on t r o l l i ng t h e p a s sa ge o f  s t oma c h  C •) 11 l l l l t ';  i n t o t h e d uode num . Th i s  

,,• o r k  sho u l d  b e  e x t end ed a mi r e p ea u �d o n  :n; t n v  lllo r <.: s ub i c c t s .  C om p o und s 

i n  �>'h i ch d eu t e r i um a t oms l 1:1 v e  r e p li l c L· d  h v d r o g e n  are rea d i ly i d e n t i f i e d  

b v  ma ss f r a gr.1c n L o g r a p h  .:md c J n  be u s e d  i 11 l l i !c• lw r  c.J o s e s  \•l i t h l e s s  r i sk 

t han c om p o und s  l a b e l l e d  \.J i t h  r a d i oac L i  v v  i S l l t u p e s . I f  a sma l l  
i n t ravenous d o s e  o f  l abe l l e d a l c oho l i s  � i v L  t o  a s u b j e c t  a l r e ad y 

p r im ed wi th a l a rge r , un lahe l led  ora l  dose , t he r a t e  o f  d e c l i ne i n  

abundance o f  t h e  l ab e l i n  t h e  b lood ma y g ive i n fo rma t i on o f  the ra t es 

o f  eq ui l i b r a t i on w i t h  body wa t e r  pool s a nd p e r ha p s  the ra t e  o f  

o x id a t io n  o f  a l c oho l b y  t h e  l iver . A l t ho ugh i t  d oe s  n o t  s eem l ik e l y  

tha t t h e  ra t es o f  i n c o r po r a t ion o f  l ab e l  i n t o  t h e  a c e t a ld ehyd e poo l 

can b e  meas u r ed , due to t he v e r y  sma l l  q u a n t i t i e s  and fas t turnover i n  

p e r i phera l b lood o f  th i s  s ub s ta nc e , i t  may b e  po s s ib le to make 

s igni f i ca n t  mea s uremen t s  o f  ac e t a t e .  The ac e t a t e  p o o l  s i ze and t ur nover 

r a t e s  may b e  mea sured giv i n g  i nd epend e n t  e s t ima t e s  o f  th e ra t e s o f  

a l c o h o l  c a t ab o l i sm .  I n  s uc h a p p l i c a t i o n s , s t ab l e  i s o to p e s  p rov i d e  an 

exc i t ing new too l wi t h  wh i ch t o  probe me t a bo l i c  pa thways in human 



1 4 0 

s ub j ec t s .  I n f o r ma t i on f r om s t u d i e s  i n  wh i c h  o n l y  c o n c e n t r a t i o n s  a r e  

m e a s u r ed i s  l im i t ed b e c au s e  a l th oug h a m e t a b o l i t e i n  t h e  b l o od may b e  

a t  a l ow c o n c e n t r a t i on ,  i t s t u r n o v e r  r a t e  may b e  v e ry h i gh a n d  v i c e 

v e r s a . Whi l e  i t  i s  e xp e c t ed t ha t  a l c o!w l c h• n. r a n c e  ra t e s mea s u r ed 

by i s o t o p e  d i l u t i o n  s hou l d  b e  t h e  same n s  t h e· d i s a p p ea ra n c e  o f  a l c oho l 

f r om the b l ood , t h i s wo u l d  no t b o..' s o  i f  !iUmv o f  t h e  a l c oho l \v a s  

a d s o r b ed i n  t h e  g u t  o r  c o nve r t ed b y  a ul r H.lc nsa t i on rea c t i o n t o  s ome 

i n t e rm e d i a t e  me t a b o l i t c  o t her t ha n a c L· t ;J l d e h v J � . The ..: x i s t a n c e  o f  s u c h  

m e c h a n i sm s a r e , ;t t t h e  p r e se n t t ime , l :l q\l ' l \' s p e c ul.J t i vc .  T h e  

ap p l i c a t i o n  o f  ma s s  s p c c t r o mt' L r y c omb i m· d  1v i t h  g a s  ch r o ma t o g r aphy a nd 

t h e  use o f  s ta b l e i s o t o p e p rob e s i n t o  lwman me t a b o l i c p a t hwa y s  may we l l  

op e n  up a n ew e ra i n  a l c o h o l  r e s e a r ch bo th i n  t er ms o f  t h e  k in e t i c s  o f  

a l c o h o l  m e t ab o l i s m  and d i s t u r b a n c e s  p ro d u c e d b y  a l c oho l i n  o th e r  

me t abo l i c  p a t hwa y s . 

Huch o f  t h e  r e s e a r c h  o n  a l c o h o l me t a b o l ism h a s  i n v o l v ed 

s t ud i e s  in \vh i c h a l c oho l l' O n s u mp t i o n h;1 s h l' en ob s erv ed and fo l lmved 
u n d e r  r i g i d l y  c o n t r o l l e d  c v nd i t i o n s . '.·!h i l e s u c h  s tu d i l' S  h a v e  b e e n  

j u s t i f i ed ,  t h e  e f f L' c t s  o l  d i s t o r t i ons i ; 1 a h s ll r p t i o n  an d e q u i l i b r a t i o n  

h a v e  f re q u e: n t l y  b .: o..' n ovc r l ookt.'d a n d  i t  i ! � 1 10•.: r e c o g n i s v d  t h a t the r a t e s  

o f  a l c oh o l c o n s ump t i on u n d e r  n o rn�a l soc  i < 1 l  c o nd i t ion s m a v  d i f f e r  

mar k e d l y  f r o m  t h o s e o b s e r v l�d und e r l a [ , l l rd l orv c o nd i t i o n s . Th L" r e  h a v e  

h c e n  m a n y  s t ud i e s  i n  t h e p a s t  on d r i n k i t · • ·. p; l t L L· r n s  i n  wh i c l t  c"J t e s  a n d  

amou n t s  o f  d r i nk i n g h a V L' !w e n  me a s u r l' d . i ! ,)'.·.' < ' V l ' r ,  f e w  s t ud i t.: s  ha v e  

me a s u r e d  t h e  b l o od a l c o h o l l e v el s  r L' lh ' , l l , • d l ,· d 1 1 r i n g c on sump t i o n a nd 

e l im i na t i o n  b e causL' o f  t h e  d i f f i c u l t l c> s  i n  u h t a i n i ng b l o o d  s a mp l e s o r  

unc e r t a i n t i e s a s s o c i a t e d w i t h  b r e a t h t e s t i n g .  S u ch s t ud i e s  c a n  n ow b e  

r e a d i l y c a r r i ed o u t  b y  f o l l ow i n g  w i t h b r l' a t h  a na l y s e s  t h e  r a t e s  o f  

i nc r e a s e  o f  a l c oh o l  i n t h e  b l oo d  a nd u l t i ma t e  b l ood a l c o h o l  l e ve l s . The 

p o s s i b i l i t i e s n ow ex i s t  f o r the a p p l i c a t i o n o f  new b r e a t h  t e s t i ng 

i n s t r ume n t a t i o n  i n  the f i e l d o f  b ehav i o u ra l r e s e a r c h  a s  w e l l  a s  f o r  

l aw e n f o r cemen t .  
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DEPAR'I·�tENT OF BIOCHDIISTRY AND DEPART/11..Eli T  OF SOC I OLOGY 

!>lASSEY Ul: I V EH3 1 T Y  

BLOOD ALCOHOL LEVELS IN YOUNG AIXJ L';'S AFTER FREE DHI N K I N G  

The aim o f  t h i s  pro J e C t  was t o teach 6 0  young adults the e f fe c t s  o f  alcoho l o n  t nem

se lve s a..YJ d  othE< rn ; t o  pro v i de i n fo r ·m a t i or. on blood alcoho l  l eve ls ar . d  t o  co l lect in forma1>ion 

on t he dru1king pa l te n1 s  o f  Hil t; ::; � le c t e d  t;;TC· ' I P  1md e r  t he con d i t i on of te st . 

ME1'HODS 
The 60 you.'l.'' "iult s ,  age d  1 13 to 24 we n  c:l! l e ct•" d  by Ro t ary C lubs t h r v..: ghout t he lowe r 

ha l f o f  t he N o r t h  I s land ,  New Ze a l H.n d ,  to a t t e nd a 5 lay re s i dent i a J  l e ade rship c ourse at 

Mctssey Unive r s i ty .  The pre s e n t  E t uci,j· •ras one o f  the 1•ro je cts undertaken . 

The se ss i on c:J;nmen ce d ilm:e d i a t e ly afte r an e venin g meal when t he part i c i pan t s  we re  

given a brief int roduct i on and t he11 di v i ded intv t wo groups : 

One of 1 5  subjects (8 fema le and 7 mal e )  who we re tee totall or did no• �� s h  to drink 
t hat evening. 

'J'he o t he r  gro up cons i s t ing o f  4 5  sub je c t s (9 fem a l e  and 36 male ) who 1•e re  divide d 

again on a ranriom bas i s  int o t t.oJ-o to drink e i t he r  bPe r  or s pirit s ,  but not both. 

A fre e bin' H .... s o pe r: e d  and th· · drir.Jr.ers �•·J r a  . <L l u  t o  obtain as rruch a c  thP.y �1i she d o f  
t h e n  de si gnated d !'ink by re co r d i r. , • � h i s w i t h  t l� ·  b;u· a t t untl<.l.l1t . 'l'he bi.lr ·<ias manne d  by 

t h rc: e  wo rkers fro::: t he a l cohol re ,c 3.rch c;ro ur ;;:w d t '-' f<!r. s e d  e i ther 17ml o f  sp1 rit s (Whisky, 
gin , n:.rn or vo dk:1 ) ire a s tandard measu.re of E< i t bc: r  .:. errcona<le or coca cola , or be er by the 

200.:11 gl a s s  cr 7 50r: l  bot t l e . Dr1 1 . Ling W3B •�l l o ·,w d  for or�e hour only a!'ter ;rh i ch t he bar 
was c l o c e d ar!d t he re W3S no po s s 1  \'> 1 1  ty of fnrtLe r �. l •;o l.o l be ing o b t �<lned. 

7te r.on drinke rs we re a ske !! :;o o bs e rve t hree 8 1 ch o f  t he dr i nk e rs ; re cord t he j r 

l..e h<:\'J.ou.r a:1d che ck perfo :r.J"'t "e or. s 1 m ple t 1sk.J c,!ld <-tt a l l o t t e d  t i me s pre s � n t  t he s ub Je ct s  
fo r a breat h alco ho l t e s t . These t :1si<s we re c c.!-.e tiul;;J t o  start 45 m inut e s  after drlnking 
had s t o p pe d .  Be t ween t he t ime t he bar c l o s e d  aud conllll en cJ.ng t e st s ,  a short t alk on alcoho l 
une and abuse wc..s given and t hi s  enabled the a l l c• t ment of sub J e c t s  to each obse rve r on t he 
bas i s  of a l co ho l  con sumpt ion and ty pe of beve rage no that no one group 'tlas loaded with high 
or l ow al coho l con sumers . 

Breath t e s t s  were pe rform e d  e it her on an " In tox1meter" 1 a cormne rcial gas chromato graph 

s pecia.Ey de s i gn e d  f o r  breatrjal coho l measurement or on a portable gas chrom&.tograph that had 

be en adapt e d  fo r t he pur pose . Bo t h  instrume n t s  were cal i brated wi th the same standard 

s i mul a t o r  solut ion at a temperature of 34 C e quiva l ent t o  a blood al cohol level of 1CJQng% 
and a part it i on rat i o  of �dte r  to ai r of 1 : 2 , 1 00 .  
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HF;SU\.TS OF THE A LCO'IOL EWC«TION SESSION 

I .  ALCOHOL CONSU�l PI' l  o;> 

Twenty t hr e e  s u r J t! C t s  drank be -tween them 41?. . 3 l l t re r;  of beer ( 64 bott les ) or  1 . 44 K g  

o f  pure a l co ho l . .I.. :,re ak do<�r o f  cc::-. s um pt i cn i s  l;t1owr! 1 n  F1 g. 1a ' a n d  ::. s  sw:unansed a s  fo l l ows : 
1 persons ( 1 :;.; i d.rar.k 5% of t he total  at a C O :.> t  o f  S L C8 or 36 cen t s  P'" :r he ,•.-1 .J 

1 5  ( C�>h) " '.,9.� " 11 .S 1 2 . 75  or  85  ccn t r;  pe r  head 
5 11 ( 22�1,) " _\(),;; " 11 " $'( . 75 o r  $1 . :.6 

The !"i"m<d :1 l t! �  2? st.:bJe c t r;  d.ra.nk \,,,twe e n  � �Je>r, 4· 3) l l '  res of s pi r1 ·· •' or 1 .  38 K g  o f  pure 

alcoho l .  Tin s can be broken do wr, i n t o  1 . 6  l :Lt r.::: s o f  wL1 sKy 1 1 . 1 7 o f  vo dka , 0. 87 of gin an d  

0. 71  o f  rum . ':'he consumpt lon o f  indivi dl···· l s  1 s  �,;ho;m H I  F1gur·e 1b  and i s  S1.:!r.mar1 ::; e d  as 

f o l l ows : 

9 pe rsons ( 4 1%) drank 
1 0  

3 

" 

" 
(45%) 
( 1 4%) 

" 

" 

of th·? t otal at a cc ..; t  of 45 cent s  per head 
" .. 

11 " 

" 

11 

$ 1 . 54 per he ad 
$ 3 . 89 per hoad 

The se ar.aly < e s  we re base d on -,.. h o l.esale pnce s  lJ,t t d 1 d  not include t he co!Jt of t he soft 
:l.rinks . Con;;�;m �>t ::. or. : :1 mo•w t ary tc !''l:> ar·e �P-ver: .L ,  Fu;c.n: 1 c . '!'he cost of t r� sr:iritfJ  was 

BLOC1 ALCCEZ):, Lt. ,r:·,LS ------· 

The bloc � (..l. l c ..J t·J l  e s t l! r...l � e ::;  frc:n l'�e .. t L  t . _. -:. ..;  �t..- ! �- v :  � J.ine d on ,�+ uu�j� ct:; a...11 d  ranL�e d 
f ro·:1 1 "'.. o 1 20 1!. (;/h•O . :i l .  T·.-;o eH t h•L. e f1.;.u·e :; �'- ' ''" r• • ,, ..• ; , .  ·l for suhE;e crJ.e : , t  u.nu. l,r;; i ;;  be cauce 

· '>:1 l cu n i ng 20\.lc� l  ( '; r. : : ) of t-., ,. r o ;· c n e  nip �NZ 1 ', :d )  •1 t' �> p1 : · 1 t fl  con ta l.J • U  G �:;·,,., .. , o f  alcohol 

. . .  1 cn ;..c ull c: <.c;. s e> :.... ::- � .;e l !<  blood alcchol le ve J o !' 0 ra�-;. P 'J u !' t he con llt �ct .s  o 1' the t e s t , 

• 1 . ·  t ifl t ioe b l o o d  lE: v t! l  one ho•.t.r afte r d.r::.nkir:.; h 1..; fl l l i ! · h.. : .,;he re t he <-1l col:o l 11a.s consur.1ed 

. : .: r t ly af�e r a mcc• l  and GV<:J' ·t pe n o d  of one huu1 . The. b l ood a l co ho l  l e ve l  could be 

. � : ::.mate d over 't Le range f1·ur:. u to 1 20 rnido w i t i  ,en at.-.;u!·icc�· of plus or m inus 1 0  me;% for t he 
; .J u j ority of sub�o ct s .  

� I I . THE EFFECT OF ALCOHOL CH THE PERFORMANCE OF' SIHPLE '!'ASKS 

_;t t  i t ude 

In gene ral , t here was l it t le change in at t i t ude from normal whe n t he a l n o ho l  leve l s  

'" ' "e be low 5Ctr.gj,. Above t h 1 s  lev e l , the fre quency v f  t a . k.< t lvene s s , e x c it:J.bi l i ty a.'ld 

l!i lari ty increased. 
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Pe rfo �·�.an ce ; a. l cc.ho l l e::Js t han · 2 '•r:li;"(o ( 1 2 ubJec t :; )  
On :!.:,· t H·J showe d s l l ght lm1><i l l ntent i n  ba l 'J t c e  an d  t urn ing. On e subJeCt fe l t  unfl t t o  

dr�ve l;ut passed - l l  t e st s .  

11P-n t.J f  -:!.t: ,;·2 s'Jb j e c t �  shov1c d :>01r.0 impa i rn1 • ! t �ts a�:. sc s se d by t ht\ o l��e r·\.-er· . ·rr.t. most 
co::�'":'l or; t t:': s t  � ... ai l t-.. .i w �J.S t h�i1.  c f  f� r.£"'"·· r t o  '1 0 � e  ( f 1 1 3  t'tJ.l l : i ) . 'rhe t:b::e r·.re rr; C07 ;�� : Jere J  t wc 
-; �"" t he e e  s J b je -- t -..� st:.ffi c 1 �� . !: ly . ; :1 ;  : � re d  ,. •J be t .--�- L ��  t c  :,! _-- .. ve an d a further . 'rlfJ c..:c � �: J df.!:(l d 
: r.r:r..o� l ve s ;;.r: fl t .  

d � cc,[,G " be t W1.."· l 'i6 3.:i :l 8Qng:1, fl St:!:�ec· t ;:; ) 
C'n l y  � "J �<' l'c: 'l b l e  t o  ;:a s s ·.c : l  t e  : t s . Three e x r n.! !l �; ·) d  t he O ,.>ln lLrt  t hi• � t b·j \-/·� re 

l.L'1 flt to dr1ve win d· •.;i'<s 1 n  agrecn, P n t  w1 t h  the o b :;c r ve 1 · . 

a l coho l b�·ea t e r  t han 80m�� ( 1 1  subJe ct s )  
Two pas s e d  al l t e s t s  but con s i dered t her • . •  e 1 ve s  un fi t t o  drive ; t he 1 r  o bzt: rvers were 

not a b l e  t o  dt:> t e e t  1r.ore t La.11 s l 1 ght I m pa i rment . A ll  Uw remaining subJe c t s  slww e d  sorr.e 

�m pa i nren t , s : :  o f  t hem fal l i ng � n  btll c.nce , wa ll nne, 1 u m ir;g an d  t he flnger t o  n o se t e s t . 

A t o tal of 9 were ·.m f i t  to d n vc e i t Lc r  on t he i r u;,-n asse�; srr,ent or on tlMt of t he obGe rve r 

b:.1t 4 of these al l ;-n t h  a l cohol h"'" l s  a bcve 1 00rr.•.( collS J le re d  t hern::e l ve s  fi � t o  dri ve . 

<, hem one de l J " :· '" r h e a d .  

e xc e e d  b l ()c,·l .... l co !-10 ..Lt:V€.: 1 :.:  of )C� c·�� ( t h\- le 1!;:1.l L 1 rn 1 t.  :!. "� t�.l r.) t (t ricr , i·u ... ; t. rc:t.l '. ;..1) i.l.L i ) o f  t he £·� 
t.�) exce e d.  , ,1� '!":'-t:-. � , t Ll� 1 e g:�l l : r  . . l t  fl)�' d.:· l. v in f� } :1.  o \ t! W  i··· .i l ;�rt d . U n do u h�. f.: ll ly , l f  t :.,:. r·:-..:.rty 

:-:�. l c·.lJ. :::.t i c ;. � . �: . . � -: := '\ s o n  f'u 1 t L : :-; 1 :-· t t. t unJ,; ! � .� � ·�:· t·d �  rJ r;ond.lt l Or.. 3 ,  t he ;.; '..4l. jr:: c t 3  � .. <:! .::� 

�pl ·.·eL a l cc.h l o.ft t: .:" �t 1 2  hot._!"' f(l .. ;. t -� l  t bd.t  t he i 1 · :� t orr.acl'u::. were em pt y .  Th.j �� rl.: .. : · l :.. � e d  1 ! 1  a 

'.'ery rc. ,n d d:-.>c r :. t 1  r o f  u : co Lc. l  ;:·:· u, t ht iJ.� ·-'! s t .:  .I l  l !'.:lci <1nd t he t:ood 1, '. E: l �: ��·3 re r:e c.r ly 
·iuu b 1 e  t 'losL' :;<;<, n  : 1 .  ".: he pre s e r. t  c � ;<d,y Hh i ch a r r  ·c .. n :r;;, t '" ' t he J,orma� lr1nJ<. i�,er, , ,.t t crn._ . 
·�''' re 1 s  co r. s :  le r"-t.le e v : tleuce frum oth<:: r studi<J,; lune i n  t h 1 s  la'  or,.tcry , that dr1nkJ n g  

'i.ft,, r  a me a l  r:=::;ul : s  i n  a s l ow aLso r ;>t i on from . h·� gut a."J J t he bl oo d lLve l s  re ach a ,,� ,;. t e au 

wlL ch pe rs i s t s  fo r 1- 2 hours cSi e r  drinking has s tO pj!C l. 

Some o r  t r .. e: S\tb Je c t s  were re-te s t e d  aft e r  <'L no..1 r ·  <HHl t he r-e su l t s  subs t an t iate t he 

6�n e :-c. l  as sumpt l c:, t hat al l sub J e c t s  main-;;a in e d  t l .e i J ·  blood alcoho l  at a con s t '3.nt leve l 
d'..l.I' ing the 1! hour t e s t in g  pe r i o d .  A t ime an c. ly s 1 s  of t he data sue,.;e s t e d  t hat t he result s 
:'e l l  no more t ho.r, (A,gfi, from t h e  be g1nn in5 to t l-.e er.d of t his pe ri o d . The re was no d i f fe rence 
1n t r.e re sul t s  ·r�he t !.o r t he a l coho l w -ts consumed 1 .;  be" r o r  �" i' i ri t s .  A l t ho u -� t he re we re 

1a·,; fema l e <:  i n  t he s •udy c.n d  mos t o f  t he se has lo;; a l coho l leve l s , t he re was n o  evidence of 

a di ffe rence in blood alco ho l s  f1·om mal e s  1-1hen t ile d o �; e  in grams pe r  kilogr·run o f  body we ight 



wa s t aken ir. t o  co::s l de r:li, i on . 

The lm pal.rec.l f103 rfo r�; . .:· ce o.t s 1n: p l e  t asKs l·y L1o .; e<  ... 1 t r  t he l:ighe r· ulood lf;ve ls am p ly 

t-e ars out t :--,�o :·•: l t: vc..n ce o! t he s i J. t ut o ry l iin 1 t  fo r ,ir i ·, i.r; ,�. The se t o.sb; m< :; h;,·te ;c', emed 
r.-w�dd.l:"' t o  t b, r� r 1. l c' � J 'l:;t .;  but a l ::.  ;;:eas ure &.sp: c• re � <: t c: :l t o  driv:.r: e  i---e rfoJ�, · � - e .  

3alan c& an d t urn b l ll'(\ -.,h. d s t  t u n 1 1:!c; bo t h  have t J-:Eo i ;  ocnm ·, e r pa r t r  _ n, t hE; .: rm, ·J.ng o f  po ::; ;  ,.ion 
of a. car be :.ng J.r1 ve:; aro 1l!· , ,: a bend . The r'1n ge r  tc n o l>c: t e s t  an d  t. i1at of p1 r;>�i n r  Uf' co iJ-, s 

-: i.at t r.::· se _P'3 r :· o rm<tr.ces 11nprove un d e r  s t re s s , JJl f.tc-:. 1 rc... cent re se arch ,Ler:-.c.n :o t r:l t c d  � ho 
reve rse a.""J <:: tf. � 't : lk drunk e n  driv8r 1s not '>.ble t u  co r•' ·.-n t.l t he pot en t i > l  ''cc :.. dunt 

G i  tuat i o� .  

Of ccn s 1 derable importance 1 s  t he smal l  group w1 t h  hi gh alcoho l leve l FJ who we re 
o bvi ous ly im pa i r e d ,  yet ma intaine d  t he i r  abl l i-cy to dz·ive . It must not be f:)rgo t t en thc t  
a l coho l impairs JUde,remen t so that t he ine br iate ove re s t imat e s  his/her abi lity to pe rform at 
a v�ri ety of t a sks . 
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ALCOHOLIC INFLUENCS REPORT FORM 

HAME : NAME OF OBSERVER : 

AGE : SEX : APPROX . \o/EIGHT : 

Breath : Odour of alcoholic s trong moderate faint none 
beverage : 

Att itude : excited h i lar ious talkat ive carefree sleepy profanity 
combat ive ind ifferent insulting cocky co-operat ive polite 

Unusual 
actJ.OnS : h iccough belc h ing vomiting fight ing crying laughing 

Speech : not mumbled slurred confused 
understandable 

th ick tongued stuttered accented fair good 

Balance : 

Walking: 

Turn ing: 
F inger to 
no se :  

Co ins : 
Abil itz to 
understand 
Instrucs . :  
Observers 
o12Ini.on :  

Subjects 
o12Inlon :  

Balance :  

Walking: 

Turn ing: 

Finger to 
nose : 

Coins : 

PERFORMA!ICE CHECKS 

falling needed wobbling swaying unsure sure 
suppor t 

falling staggering stumbling swaying unsure sure 

falling staggering hesitant swaying unsure sure 

Right : - missed hes itant sure 

Left : - missed hesitant sure 

unable f umb l ing dropped slow sure 

poor fair good 

[ff�ct of Alcohol extreme obvious slight nDne 

Ab i l itz to Drive unfit fit 

Abil ity to Drive unfit f i t  

PERFORMANCE TESTS 

( a )  
(b ) 

stand erect , 

arms forward , 

feet together , 
bend at wa ist ; 

eyes clos ed ;  maintain 1 5  secends 

( a )  

( b )  

ma intain 15 s econds ( eyes clo s ed ) 

10 - 12 st eps one foot directly in front o f  the other . 
Give surprise instruct ion to turn and come back . 

Stand erect , eyes closed ; touch t ip of nose with each index finger . 
Repeat left and r ight 3 times . 
A number of c o ins ( 5 )  on floor . 
arrange in denominat ion . 

Subj ect asked to p ick them up and 



A REPORT fREPARED FOR THE ALCOHOL I C  L I QUor� ADV I SORY COUNC IL 

3 r d  July, 1 9 7 8 .  

L .  c; . , ·, , u c h:'l( l� n n d  E .  D .  i :Ll t t  
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( i )  

S U�Y 

B r e a t h - t es t in r  i � s t rumcn t s , mann e d  L y  � xp e r i en c e d  o p e ra t o rs , we r e 

mad e  ava i l ab l e in tHo P a l rne r s t on N o r t h  h o t e l s  t o  enab l e  p a t ron s  t o  h a v �  

f re e  b r e a t h  a l c oho l t e s ts c n r r i e d  ou t f r oo 6 . 0  p . m . t o  c l o s in g  t ime 

du r ing a week at e a ch h o te l .  Pa t ron s w c r0 r e q u i r e d  t o  w u i t  10 minu t e s  

a f t e r  c on s um in G  the i r  l a s t d r i nk an d W L r c  � s ke d  t o  c omp l e t e  a que s t i onn a i r e 

wh i l e  w a i t in g . N o  names o f  p a t ron s w � r �  r � c o r de d . I n d i v i d ua l s  c o u l d  

h ave a s  many t e s t s  c a r r i e d  o u t  a s  t he v  w i �h�d . 

The t o t a l  numb e r  o f  p a t ro n s  t e s t e d  a t  l e a s t once d u r i ny the t wo 

wee k s  wa s 8 4 1 . Th e r e ""a s g re a t  i n t e re s t  in t he t e s t s and , on o c c a s i on s ,  

queues o f  up to 10 pa t r on s  we r e  wai t i n �  f u r  n b re a t h  an a l y s i s . O f  t he 

two in s t rumen t s u s e d , one h a d  b een s pe c i a l ly mo d i f i e d t o  g i ve a res ul t 

in 30 s ec ond s . H oweve r ,  d e sp i t e  t h i s  s p e e d o f  ope ra t ion , t he f ac i l i t i e s 

c o u l d  not always handle the d e mand w i t ho u t a wa i t ing t ime , pa r t icu la rl y 

on t he Thu r s day , F r i d ay and S a t u rday n i g h t s .  

The r e s u l t s shm.;e d c l c· n r. l y  t ha t  t h e  h r<- 3 t h- te s t i n r, f 2 c i l i t i e s  we r e  
h igh l y  � c c e p t n b l e  a n d  gen� r� t e d  r e m n r k 3 b l �  I n t e r e s t  a�ongst a h igh 
p ro p o r t ion o f  the c l i en t s . 

An .::m a l y s i s  o t  t he i n f o r ::1n t i on ob t a i n �.: d  t ram c om p l e t e d  q ue s t i onna i r e s  

an d a gt;;n e r a l  . 1 s s c s smcn t o f  r e c o r d ..: d  b r e a t h  :1 l coho l le ve l s  a re in c l ud e d  

in t h e  f'! t t <l c h c d  r e p o r t . Fo l l ow i n g  .1 r c  s or.h .. c o mmen t s  on o b s e rv a t ions an d 

f in d in g s  f rom t h e  p r o j e c t .  

A t  t he t ime o f  t t;; s t in p  n ea r ly o n �  t h i r d o f  t he p a t ro n s  had b l ood 

a l c o ho l l � v� l s  above 1 0 0  ng ucr 100 m l  of b l o o d  and it s e eme d l i ke l y  

t hn t  t h i s  p rop o r t i on wo u l d  h�vc in c rc � s e d  j f  n l l  ind i v i d u a l s  who had 

b een t e s t e d  \ole rc rc t e s t c d sone t ime l a t t: r . 

Al tho ugh t h e  two ho t e l s  \..r� rc cho sen f o r  ma rke d d i f f e ren c e s in t h e  

c l i e n t e l e  ( one a t t rn c t c d  young peo p l e �nd t he o ther o lde r age g ro up s ) , 

t h e  r an g es  of b lo o d � l co h o l  l e v e l s  we re no t s i gn i f i can t ly d i f f e r en t  

b e t ween t h e  two ho t e l s .  A sma l l  g roup o f  p a t ron s t e s t e d  had n o t  e a t en 

f o r  a t  l ea s t  1 2  ho u r s  b e f o re t he t e s t  and hRd c on s idernbly h i gher b l oo d 

a l c o ho l  l e v e l s t han t he ave rage f o r  a l l  p a t r on s t e s t e d . 

As a gene ra l o b s e rvat i on , the hi pher t h e b lood a l coho l level r e c o rded 

the le s s  s u r p r i s e  t h e  p a t ro n showed a t  the re s u l t .  Fur t he r , t he youn g e r  

t he pa t ron the more s u r p r i s e  shown i f  t he l evel was n o t  o v e r  l O O  mg% . 
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A s e c t i on in the q u e s t i onn a i r0 on a t t i t u des t o  t h e  d r in k in g - d r i v ing 

l 2 g i s l a t i on s how2d t ha t a h i 8h p ro p o r t i on of the pa t ro n s  t c s t 2d were 

( a )  n o t  in f avour of b reath- t e s t in g b� i n g  a b a s i s  for p r o s e c u t ion an d 

( b )  oppos ed t o  p r op o s a l s  fo r random t e s t in g .  

A compa r i s on o f  a l coh o l con s um p t i on ,  rc c o rn e d  b y  ind i v i du�l p a t r on s , 

and t he o b s e rv e d  b lood a l c oho l l e vL l  gav0 ;1ve ragc f ig u re s o f  6 - 7  mg o f  

a l c oho l / lOO ml o f  b lood f o r  0 a ch s t �ndard  d r i n k . S t ud i e s  o n  vo l un tee r s  

by t h e Re s e a r c h C ro u p , whe re amoun t s  o f  2 l c oho l c on s umed c o ul d  be 

a c c u r a t e l y d e t e � i n e d, gave ave rage r e s u l t s  o f  10 mg o f  a l coho l / lOO ml 

of b l o od for ea c h  s t an d a r d  d r ink , \,:h e n  the vo l un te e r s  had n o t  e a t en 

\.J i t h i n s ev e ra l  h o u r s  o f  d r inkin g . h' i t h  s ub j e c t s  \,:ho had e a t en sho r t ly 

b e f o r e  d rink in g , t h e  average in c re a s e  in b l o o d  a l c oho l level was on l y  

3 mg / 100 ml f o r  each s t an d a r d  d r in k . 

General con c l us ions f rom the p r o j e c t  a r e  tha t ( a )  h o t e l  p a t rons a re 

in t e re s t e d  i n  b e i n g brea th- t e s t e d  a n rl  in t h e  re s u l t s , ( b )  s ome p a t rons 

ve r y  q u i ck l y  acqu i re the ba s i c  p r in c i p l ( • S  \Jh i ch en a b l e  t h em t o  p r e d i c t  

who t  t he i r b l o o d  a l c oho l l e ve l wi l l  h e  i n  r 2 l a t ion t o  the amo u n t  o f  

a l c o h o l  c on s umed , ( c ) t he re "''3 S  l i t t l t •  ,� v i d enc e o f  p a t ro n s  us i n g  the 

avai l a b i l i t y o f  b r e a t h- t e s t i n f  f a c i l i t i � s  Lo d r ink c omp e t i t iv e l y , 

( d )  t h e r e  wa s COr:liJ l e t e a c c e p t.: m c u  o f  L h L  f ac i l i t ies 1.nd in s t rume n t  

o p e r a t o r s  a s  be i n p p n r t  of  t he ho t L J npu r a t ion w i t h  no s u gge s t i on tha t  

t he r e  were any l i nk s w i t h  law en f o r c e�en t agencie s , an d ( e )  wh i l e  a 

sma l l  n umb � r  o f  p , t rons ind i c a t 0 d  t l1 � L  t he y  wer� u s in x  t h e  b re a th-test  

i n f o � :>. t io n  t o d e c i d e  who i n  t he i r , ,  r o u p s  \vou l d  d r ivc t he i r  c a rs , i t  

wo u l d  s e em t h� t 2 h igh p ropo r t ion o f  h o t e l  pa t ron s  wou l d  have driven 

the i r  c n r s  away kr. ow in g  t hat t he i r b l ood a l c oho l l eve l s  were w e l l  above 

the l c g n l  l i mi t . 
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INTRODUCTIO�� 

In t he 1 9 7 7  Ann ua l . Rcp o r t o f  t h e  P : n l i nf.len t a ry S e l e c t  Commi t t e e  on 

Ro a d  S a f e t y , a p rop osa l t h a t  b ren th - t e s t in g d e v i c e s  b e  made ava i l ab l e  t o  

t h e  gen e r a l  pub l i c  was d i s c u s s ed an d ,  n f t e r  l i s t in g  some o b j e c t ions , 

repo r t e d  t h a t  " th e r e  was n o  f O Od r e n s o n  t o  p r o h i b i t  co in op e ra t e d o r  

o t h e r  dev i c e s  b e i n g  s e t  u p  i n  b q r s . We d i d ·  f ee l  howev e r  t h a t  

b e f o re ac t ive l y  en co ur ng in g t h e i r  u s e  a t r inl sho u l d  b e  

c onduc t e d  u s in g  re l i ab l e  equ i pm�n t �nd e x p e r i e n c e d  o p e ra t o r s . 

Th e opern t in g  t e c hn i c i ,::m wo u l d be: ob l e  to <1nswer que s t  i on s  

and c ommen t o n  the s i fn i f i c ::n c ,� o f  b r e .:l t h  .:1 l c oh o l  read ings . 

Such an a p p roach wo u l d  be e s s �n t i , l l y  educ a t i on a l  an d sho u l d  

be a c c ompan i ed b y  ap p ro p r i � t e e v a l u a t i on , an d only a f t e r  t h i s  

s ho u l d  any f u r t h e r  a c t ion b e  in i t i .:1 t e d " . 

The Commi t t ee then ma d e  the t tvo f o l l owin g r e c o mmen da t ions : 

"That t h e  H i n i s t ry o f  T ranspo r t  L:ncourage an expe r imen ta l t r ia l  

o f  e d u c a t ional b r e a t h  t e s t in �  r lcvi c e s an d tha t n n  evalua t ion 

of an y such t r i a l  be r ep o :r t e , l  ln t h e comm i t t e e " . 

" Th a t  th e A l c oho l i c  L i q u o r  Adv is o ry CL) Un c i l  b..: .'1 s ked to p r o v i d e  

f in.1n c i a l  .:1s s i s t an c e  fo r t h <- iHl1 j � c l " . 

La t e  in 1 9 7 7 , d i s c u s s i on s  t oo k  p l � c c  w i t h  D r .  P .  M .  Hur s t , S e n i o r  

Re s ea rc h  O f f i ce r  o f  t h e  Road T r ans po r t  D i v i s i on , H i n i s t r y  o f  Tran s p o r t , 

on the \v.:ly in whi ch such a t r i a l m i gh t  b e- con d u c t ed . TI1 e p re sen t p r o j e c t  

was ? l an ne d , bas i c a l l y , t o  d e t e rm ine t h � n c c c p t a b i l i t y  o f  n l c o h o l  b re a t h 

t e s t i n g  d e v i c e s  t o  ho t e l  p a t rons an d o h t . t i n e v i denc e o n  t h e  a c c u r a c y  o f  

t h e  i n s t r umen t s  unde r t he t e s t in g  c on d i t ion s .  The e d u c a t ion a l  a s pe c t s  

an d r e q u i r emen t f o r  n n  eva l u R t ion o f  t h e t r i u l , r e f e r re d t o  b y  t h e  S e l e c t  

Comm i t t e e  on Road S a f e t y , we re c o n s i d e r e d  t o  b e  me t ,  in p a r t , b y  ( a )  p r o

v i d in g s ome p r in t e d  i n f o rma t ion on t h e  e f f e c t o f  a l c o h o l  on t he body , 

a n d  ( b )  re que st i n g  i n d i v i dual s \vho w e r L  t e s t ed t o  comp le t e a que s t ionn n i re 

whi ch p ro v i d e d  da t a  f o r  s ub s e q uen t �n n l y s is . 

A s um o f  $ 2 , 00 0  was g r an t e d  b y  t he Al co ho l i c  L iq u o r  Adv i so r y  C o unc i l , 

p r ir:w r i ly t o  p rovi d e  some a d d i t ion.:1l c a s u.:1 l labour to t he JU coho l Res ea r c h  

G ro u p  f o r  h e l p  w i t h  t he t e st in g a n d  p r o c e s s in g  o f  re su l t s .  Memb e r s  o f  

t he r e s e a r ch group o p e r a t e d  s e l e c te d  i n s t r uQen t s , wh i c h  w e re c ho s en fo r 

t he i r  s p e e d o f  an a ly s i s  an d known re l i a b i l i t y .  
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Te s t i n g was ca r r ie d  out in two hote l s  in P alme rs ton No r t h .  Al t hough 

it was p l anne d  to  re t urn to on e ho t el seve ral  mon ths lat e r to assess  

the r e a c t ion of  the  p a t r on s n t  a s e cond oppo r t un i t y  t o  b e  b rea th - te s t ed , 

t h i s  p a r t  o f  the p l anne d p ro j e c t  wa s a b :.m d on c d  thr ough l a c k  o f  s t af f .  

I t  was c o n s i dE r ed t o  be ir:1p o r t an t t o  : wo i d the Ch r i s tma s an d sunune r 

h o l iday mon ths f o r  the t r i a ls b e c a u s e  d r ink i n y  pa t t e rns coul d t h en b e c oce 

nbnon:nal an d t he p a t ro n s  may n o t  h ave b f�l:!n ;1 r e p r e s en t a t ive s amp l e  o f  

th�  r e gu l a r  c l i E:n t e h : .  The te s t in g was comp l e t e d in two 1vceks du r in g 

Novemb e r , 1 9 7 7 .  I f  it  had b een p o s s ib l. :: to comp l e t e  the o r igin-:1 1  p l an , 

t e s t i n � wo u l d  have re sumed in Apr i l ,  1 9 7 R . 

ME TIIODS 

� Ma rk IV I n t ox ime t e r breath-alcohol g � s - ch roma t o g r ap h  ( In t ox ime te r  

Inc . , S t .  Lo ui s , U . S . A . ) was in s t a l l ed i n  a ho t e l bar f o r  t e s t ing , f r e e  

o f  c h a r g e , -:1 � y  hot e l  p � t rons who were int e res t e d , be t ween 6 p . m . an d 
c l o s in g  t iDe . Th0 in s t rumen t w�s o re rn t e d  b y  oembe rs o f  the  s t a f f  o f  

t h �  Al c o ho l Re s e a rch G roup w i t h  a s s i s t an c e  t rom g radun t e s t uden t s  who 

h-:1d b een t r n in e d  t o u s e  s u c h  m-:1 c h inc s . Du r in g  t he f i r s t  e v en i n g  o f  t h e  

t r i 2 l , t h e  de m<!n d f o r  t e s t s  w n s  so  g r e a t  t h :1 t queues o f  u p  t o  10 p eop l e  

w e r e  wait ing f o r  a b r e a t h  an � l ys i s , des p l t � the f ac t tha t t h e in s t rume n t  

w a s  g i v i n r  in d i v i dual r e s u l t s  a t  2 m in u t e  in t � rv a l s . 

f o r  sub s e q u e n t  L V0n ings nn nl t � rn� t iv� i n s t rumen t c �  mod i f ied  

s t and � r d  gns - c h rom-J t o g r ap h )  w i t h  a n  ;1na l ys i s  t i me o f  3 0  s e c o n d s  � a s  us e d . 

The r e s u l t s f rot:! t he Intox i me te r  H c: r e  d is p layed in d i g i t al f o rm 

whi l e  t ho s e  f rom t h e s t an d a r d  gus- chro�ato graph appea re d  as peaks on a 

cha r t  record e r .  Although d ig l t-Jl d i s p l a y  i s  an imp re s s ive way o f  

p re s en t ing resul t s , t h e  r e co rd in g s on cha rt p a p e r read by c omp a r i s on 

w i t h  a c a l i b r -:1 t ed s c ale were rea d i l y unde rst ood by p a t r on s .  

The que s t ionn a i re ( Appen d i x  l )  was des igned t o  as s e s s  the under

s t an d ing o f  ind iv i d ua l s  on blood al coho l leve l s  and a l coho l cons ump t ion . 

I t  a l so inc l uded q ue s t ion s  sugge s t e d  by D r . H u r s t on a t t it udes to the 

d r inking- d r iving l aws . The s e  a re given in Appendix 2 .  

The p r oj e c t  b e gan in a p r iv a t e ly -own ed hot e l  on a Thurs day night 

and con t inued t hr ough t o  inc lude the fo l l owing Wedne s day . From the 

exp e r i ence ga in ed during this  week i t  wa s d e c i d e d to mo d i fy the 
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que s t i on n a i r e , main l y  t o  make the q ue s t ions e a s i e r  t o  un de r s t an d  and 

.::m swe r .  The mod i f i e d  g u �s t i o nn a i r e , �h i c h  i s  a t tached (Ap p en d i x 3 ) , 
was u s erl d u r i n e. a s e cond \Yeek when t c s t in F  t oo k p l n c e  in a b re\..:re ry

owne d t a v e rn . 

Fo r t he analy s i s  o f  an swe r s on a l c o ho l c o n s ump t i on , a s t an d a r d  d r ink 

was c on s i d e r e d  t o  b e  1 200 m l  g l a s s  of beer o r  1 s in g le n i p of s p i r i t s  

( 0 . 6 2  o z ) . I n  the s e cond q u e s t ionn a i r e , o t he r quan t it i e s  o f  d r ink co uld 
b e  given (Que s t i on 2 ) . 

f o l lowin g fa c t o rs : 

The s e  we re conve r te d  i n to s t a n ct n r d  d r inks b y  t h 0  

1 j ug o f  b ee r  

1 han d le o f  b ee r  

1 5 o z  g l a s s  o f  b e e r  

1 7 o z  g l a s s  o f  b e e r  

1 c an o r  s ma l l  b o t t l e o f  bee r 

( 3 00 r.1l ) 

1 7 5 0  r.1 l  bo t t l e 

1 b o t t l e n f  w ine 

1 s in g l e  n i p  o f  

1 .  /,c c e s s t o  equipr.1cn t  

o f  bee r 

s p i r i t s 
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5 
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1 

2 
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l 

Du r i n g  t h e  f i r s t  week o f  t t.! s t in p,  in  <1 p r i v o. t e l y - own e d  ho t e l ,  t h e  

b re a t h- t e s t in g  e q u i pmen t w a s  s i t e d  a t  o n e  e n d  o f  the s a l oon b a r  ad j ac en t  

an d open i n g  in t o  a l oun ge b a r  wh i ch formed one arm o f  a t o t a l  U- shaped 

a r e a . The re wa s r e a d y  a c c e s s  f rom t h e  p ub l i c b a r  th ro ugh a conn e c t in g  

c o r r i do r .  

I n  t h e  S 8 cond week , t e s t i n g  wa s c a r r iert out in a brewery-own e d  

tavern whe re the equ i pmen t wa s s e t  u p  in a s ma l l  f oy e r  b e tween the 

lounge ba r ,  a d i n ing- room and an ex i t . Ac c e s s  f rom t h e  pub l ic b a r  wa s 

d i f f i c u l t ; pa t r on s f rom t h i s  b a r  e i t h e r  had t o  go o u t s ide t h e  t av e rn  

a n d  r e -e n t e r the l oun ge b a r  o r  wa lk t h rough the bo t t l e s t o re an d then 

alon g  t h e  f u l l  l engt h of the lounge b a r . The s it e was chosen t o  p e rmi t 

conve r s a t ion w i t h  p a t rons . A b and p l a y e d  e a c h  n i gh t  i n  the t av e rn  and 

the s o un d  vo lume p r e c l u d e d  conve r s a t ion in the lounge i t s e l f .  Al t ho u gh 
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the s i t ing wns not  ideal  in that i t  was out o f  v i ew from the p a t rons , it  

w a s  t he best  c omp rol:l i s e  �h�ch could b e  mD d e .  

2 .  Numb e r s  an d age s o f  pat ron s t e s t e d  

I n  t h e  h o t e l ,  4 2 9  in d iv i d u a l s  we r e  t � s t c d � t  l eas t one� d u r ing t he 

week w i t h  v � ry f ew p � o p l e  dec l ining t u  c onw l � t c  the ques t ionn a i re . 

forms we re comr l e ted on l y  in p a r t . 

S omt: 

The n umb e r  of p a t rons t e s t e d  in the t n v � rn W3S 4 1 2  w i t h a l a r g e r  

numbe r  than fo r t he ho t e l who d id n o t  co:1p l c t e  t he qu e s t ionna i r e , main ly 

b e c a u s e  of re s t r ic t ions  imposed by the s i t i n )', o f  the e q u i pr.1en t .  

the numbe r wus s t il l  snal l .  

Howeve r .  

The numbe r o f  t es t s  car r i ed o u t  each day are given in Table  l and 

the ages of peo p l e  t es t e d  a re summa r i s e d  in F i gu re l and F i g u r e  2 .  In 

t he ho t e l , 2 4 . 4% of t he pa t rons t e s t e d  we re u n d e r  the age o f  2 5  whi l e  in 

the t nve rn , 7 3 . 5 %  were younger t han 2 5 .  Th e se d i f f e ren t percentages 

re f l e c t  t he d i f f e r e n t  type s  o f  d r in k i n �  env i r onmen t a t t rac t in g  d i f fe ren t  

c l i en t e l e s .  

The rc s p o n ': c: f r ,:;n t h e  pa t ron s  \,'a s a t  t h e  m,qx imur.1 l eve l which the 

o p e r n t o r s  c o u l d  hcm d l e  on t h e  bus i e s t  n i ).�h t s  o i  the wee k .  

Tnb l c 1 :  Numbe r of  p<J t ron s b r e:l t h- t e st e d  e a c h  d ay 

Ho t e l  2 5  4 ') 
Tave rn 

3 8  
4 ,.  .) 107  

3 .  At t i tud e s  t o  the  d r inking-driv ing laws 

1 2 2  

9 7  

1 2 4  

H i 8  
4 2 9  

4 1 2  

Rep l i es t o  the qu.2st ion o n  \vh e t h e r  t h e  l e gal b lood a l c o h o l  l imi t 

i s  t o o  h i gh , t oo lovJ o r  about r ight n re sur:1mn r ised in Tnb l e  2 .  An 

analysis  by  age o f  t he respon s es d irl n o t  show <Jny s i gn i f i c 2n t age d i f fe r

ences f ron the  a tt it udes f o r  a l l  o f t he respondents . 

Tab l e  2 :  

" Too h igh" 

"Too low" 

" i\b o u t  r i ght " 

No <1n swe r 
- - - - - ----- - -- - - -

Legal b lood a l cohol level  

Ho t e l Tave rn - - - - - -

% % 
Total 

2 2 . 4  24 . 3  

1 7 .  7 2 6 . 1  ��e!!�� 
5 5 . 0  38 . 8  

74 6 

4 . 9  1 0 . 8 



4 .  B re a t h  ve r s u s  b lo o d  t e s t s 

5 .  

Repl ie s  t o  t he ques t ion c o n c e rn in �  t h� � c c e p t ab i l i t y  o f  b re a th 

a n a l y s e s  .:1s l e ga l  ev i d e nce in p l .:>.ce o f  b l L•od t e s t s  a r e  summa r i s e d  i n  

Tab l e  3 .  

Tab l e  3 :  A c cept ab i l i ty o f  a h re � t h  te st a s  l eg a l  evidenc� 

Yes  
N o  

N o t  

5 .  RandoQ t e s t ing 

sure 

To t .:1 l 

Ho t e l  

% 

3 6 . 2 
4 8 . 5 

1 5 . 3  

rep l ie s 

T.:!ve rn - - - - - -

� 

3 9 . 8  
4 1 . 1  
1 9 . 1  

7 7 4 

At t i t u dc.s to r.:m ct om t c s t in � a r e  s ur.JI.l.:n l s c d in T.:1b l e  4 in t o c a t eg o r i (�S 

of a p p rov.:l l , J i s �pprov n l  o r  f o r  re s e > r c h  p t ! r p o s e s  on l y .  

T.:1b l c  4 :  

1\pp rovc 
R ... s e a. r ch on ly 
D i s 1 p p rov(: 

R.-m � ! on tt  :;ting 

' 'l " 

'3 7  
·n 
2 6  

Tnv e rn  

4 6  
3 2  

2 2  

6 .  E s t ima t e s o f  number o f  d r ink s t o  reach the l ega l  l im i t  

The answers t o  the q u e s t ion on how m.:1ny d rinks wo u l d  nee d t o  be 

con s umed over .:1 three hour p e r io d  t o  rench t h e l e g a l  l im i t  a re shown 

d i a g r amma t i c a l l y  in Fig ure 3 .  

The mo d e  i s  a t  10 d r in k s  whi ch is abo u t  r ight for an average pe rson . 

B e fo re t h e  p ro j e c t  commenced , l e a f l e t s  we re ma d e  av a i l a b l e  t o  

p a t rons a t  t h e  two t e s t ing s i tes (Appendix 4 ) . The l e a f le t  inc l u d ed a 
f ig u r e  o f  5 f o r  the numb e r  o f  dr inks t o  g ive a b l o o d  nl coho l of 100 mg/ 

100 m l  b l ood wh ich is a min imum quan t i t y  f o r  al coho l con s umed v e ry 

rap i G l y  under f as t ing cond it ions . This f i gure and t h e  wide pub l i c i t y  

g i ven t o  t h e  ' ' ru l e  o f  t h re e "  cou ld have in f l uenced t h e  numbe r o f  r ep l i e s  

f o r  f ig u r e s  les s t han 1 0 .  The numbe r o f  pa t ron s who d id n o t  know o r 
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who es t ilWl t e rl  mo re t han 1 2  d r inks repre s en t e d  6 4 /� o f  t he t o t .J l  whi ch 

su gges t s  t h a t  t h e r e i s  a l a rp e  e duc a t i ona l � re a  on al coho l con sump t ion 

wh ich n e e d s  a t t en t io n .  

7 .  B l oo d  '1 l c oho l l eve l s 

Th e resu l t s  o f  t h e f i r s t  b re a t h  t c � t  un e n c h  s ub j e c t  w e r� a rl j u s t e �  

t o  t he neares t 1 0  � g h  3n d f re q u ency h i s t o ?, r.J�s p lo t t e d  fo r e a c h  l o c.J t i o n 

( FiRure 4 ) . A t  t he ho t e l , 3 8 %  w e r e  o v � r  t h e  l e gn l  l im i t  o f  lOO rng/ 1 00 
m l  b l o o d .Jn d 5 4 �  ov e r 8 0  ng / 1 0 0  ml b l o o d . �1 r the t a ve rn , t he f igu re s  

w e r e  2 8 2  o v e r  lOO m� / 1 0 0 m l  � n d  4 3 Z o ve r  8 0  m � / 1 00 ml . 

The r e s u l t s  fo r pa t ron s �.-•ho had a s e c on d b re a t h  t e s t  a f t e r  co ns umin g 

mo r e  � l c o ho l s howed ( f o r  1 2 1  ind ividua l s )  2 8 f  had a b lo o d  a l c oho l level 

g re a t e r  t h an 1 00 rng / 1 00 rnl 3 t  t h e  f i r s t  te s t  in c re as ing t o  6 1 � nt the 

l � s t  t es t . 

8 .  B l o o d  ::. ]  co ho l  l e ve l s re l a t e d  t o  .::ge 

C o r r e l .J t i o n s  b ..; twc en .1 p. c  nn d b l o o d  a l c o ho l leve l s  wh i c h  we re ove r 

l OO r.1g / J  00 m l  3 r e  g iven in T :1b l e  5 .  The ·li f f c ren t  p e r c e n t a g e s  f o r  t h e  

" e v e r  4 0 "  g ro u p  were p r.l b .:l b l y  r e l. 1 t e d  t o  t h e  f .'l c t  t h a t  mnny o f  th e o l d e r 

p o2o p l e  t e s t e d  .:1 t  the t .:: •J e rn h <: t! b e en i n  t he c! i n i n g - roon f o r  d inn e r .  

Re L1 t i o n s h ip b e tween ·1r;(· an d b l o o d  a l coho l 

l e ve ] s  ov!'2 r  t he l o E_ .: l  l ir11 it  

_\i'. C  

Ho t e l  ( .i: ) 

Tav e rn ( ?) 

2 0  

1 3  
2 2  

2 1  

2 6  
2 8  

2 2 - 2 5  

1 3  

9 .  Av e rar,e bl o o d � l coho l l ev e l s by �g� 

2 6 - 2 9  

3 6  

30- 3 9  

34 
3 .)  

Ove r 1+ 0 

4 9  

2 0  

The numb e r s  o f  pat rons t e s t e d  in d i f f e �e n t  a g e  g ro up s w i t h t he i r  

.:�ve r a g e  b l ood a l coho l l eve l s  a r e  g iven i n  Tab l e  6 .  As n o t e d  p rev io u s ly , 

t he re w� s a d i f f e ren c e  i n  the re s u l t s f o r  o l d e r  p a t ro n s  a t  t he t avern 

who c ame mainly f rom t h e  d in in g - room an d wou l d  b e  e xp ec t e d  t o  have 

l ower b l ood a l c oho l l eve l s  i f  they hact b e en d r inking w i t h  t he i r  mea l .  
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Tab l e  6 :  Ave rage b l o od a l c oho l l eve l s  in d i f fe ren t �g� groups 

!:lo t c l  Tavern 
- - - - - -

��� 
Nur.1b L:r B AL *  Nurab e r  BAL * 

2 0  3 1  5 7.  1 4 3  6 6  

2 1  1 9  5 3  5 3  7 5  

2 2 - 2 3  3 2  7 2  4 8  8 6  

2 4 - 2 5 2 1  9 )  3 7  6 6  

2 6 - 2 9  5 9  9 0  4 lt 7 7  

3 0 - 3 9  Y 6  8 1  4 3  7 9  
40- 4 9  7 4  8 9  1 0  7 1  

Ove r 5 0  (, 6  1 0 2  10  7 5  

* BAL : Ave r a g e  blood a l co ho l  l Lvc J : mg a l coho l / l OO ml b l o o d  

1 0 .  B lo o d  a lc <)hP l l e ve l s  in r e l a t i o n  t o  t he l e s t mea l  

T;lb l c  7 sho·"· t h e  n umb e r  and p L· r c ,·n t .; g .: o f  pat rons w i th b lue•.: 
;t l c uho l l e v.">l � :1b,·ve 1 0 0  rn>d l OO m] in n· l t t iun t o  t he t ime a t  Hh i ch 
t h e y  h.H! l :! S t  e ·: t cn . 

Tnb l e  7 :  B l o o d  ::t l coho l l ev e l s in r� J n t ion t o  t he las t me al 

,\ l b d  e .1 t 8n an 
e v en ing me a l  

p r i o r  t o  d r in k i n g  

B No th in � t o  e � t  

s in c e  l un c h  

C No t h in f.  tu e ::t t  

s inc e b re ak f a s t  

o r  e a rl i e r  

! hJ t c l  

4 0  2 7  

8 3  4 2  

3 7  54 

1 1 .  S e l f - 8 s t im::t t e s o f b lood a l cohol l cv� l s  

T.1v e rn 

Nurab e r  z 

4 4  1 8  

4 3  3 8  

1 6  5 0  

Of t h e  pat rons t es t e d ,  3 9 %  es t im1 t e d  t h e i r  b l oo d a l coho l  leve l s  

t o  w i t h in 2 0  mg / 1 00 m l  o f  t he r e c o r d e d  value , \vh i l e  18% ove re s t ima t ed 

a n d  4 3% und e r e s t ima t e d  the leve l b y  mo r 2  than 20 mg / 1 00 ml . 



12 . S e l f - e s t ima t e s  o f  f i t n e s s  to ct r i  v c  
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E i ghty p e r  c e n t  of t h e  p a t rons t e s t e d w i t h  b l o o d  a l co ho l levels 

b e l ow 1 0 0  rng / 1 00 ml t h o u ght they w e r e  f i t  t 0  d rive wh i l e  6 8 %  wi t h bl ood 

� l co h o l  l e v e l s  above 100 m� / 1 00 m l  b l o o J  1 l so con s ide re d t he y  we re f it 

to d r ive . 

1 3 .  ,\l c o ho l con s umed re l 1te (\ to b lc.")r ]  :t l co ho l  leve l s  

Qu<1n t i t i es o f  :1 l coho l s a i d  t < J  �1 '1ve b e en cons umed b y  indiv idua l s  

p r i o r  t o  t � s t in� r an g e d  f rom l t o  o v e r 3 5  st and:t r d  d r i n k s  p er p e r son . 

The me3n cons ump t ion fo r a l l pe r s on s t e s t e d  was a p p roximQ t e l y  1 3  s t andard 

d r inks . 

\-.Then t he b l�J od .::t l c o hol leve l s  were p lotted .:1gainst t he q uan t i t y  o f  

a l coho l consumed p e r  p e rson a n  a v e r a g e  i n c rease in b l o o d  a l coho l  l ev e l  

pe r d r ink could b e  e s t ima t e d .  

For in d iv i du .::tl s who h a d  had a n  e v en i n �  mea l  b e f o re d r inkin g ,  a 

s t .:m d a r d  d r i n k  r a i s e d t h e  b l o o d  a l co hn l l evel by 1 - 4  m?, / 1 0 0  n l . Fo r 

i n d i v i J u 1 l s  who w e r e  i n  t h2 e q u iv1 l c n t  o f  1 f as t in g  s t a t e , a st andard 

d r in k  ra i s e: d  t h.� b l on , l  1 l co ho l  levd h y  6 - :'  rng / 100 ml . 

DI S CU S S J J : i  

Hhen b r en t h - t e s t in · ·. fo r a l c o h  1 t/<! S raa de avil i l ab l e ,  f re e  o f  c h a r g e , 

t o  b<! r  )1:1 t rons t he rL' w n. s  an irrun e d i.:": t c:  o c c e p t nn c e  o f  t h e  f a c i l i t y  an ll 

the r e q u e s t s  f o r  t e s t �; f u l l y  ext en d e d  t h e  i n s t rumen t s  t o  t he maximura 

t h r ough p ut o f  an a ly s Q s .  

The mo s t  p o p u l a r  d r i n k i n g  even inps n t  b o t h  t e s t in g  l o c� t io n s  we re 

Thur sday , F r i d a y  and S a t u r rl ay , with b a r s  ve ry well p a t ro n i s e d  f rom 7 p . m . 

onwar� s , a n rl e o c h  c a t e r i n M  fo r a b o u t  300 peopl e . On the bus i e s t  ni ghts 

o n l y  abo u t one t h i rd o f  t he c u s t o me rs we re t e s t e d .  

Fo r the f i r s t  b re a t h  t es t , o n e  third o f  al l s ub j e c t s  were ov 8 r  

1 00 mg al coh:.-. 1 / 1 00 I'l l  b lo o d . I t  i s  r e a sonab l e  t o  a s s ume t h a t  many o f  

t h e  pe o p le whu h a d  l e v e l s  below 100 mg / 100 m l  o f  b lo o d  wou l d  go ab ove 

t h i s  l eve l i f  t hey con t inued drink in� n f t e r  the t e s t . 

I t  has been a r gued tha t the ava i l ab i l i t y  o f  b r ea t h  t e s t s  c o u l d  

enc oura�e patrons to d r ink up t o  t he l ega l l imi t . The ope rators 

ob t a in e d  no evidence t h a t  t h i s  h a p pene d . Howeve r ,  a c o un t e r  arg ument 



can b e  c l a i me d , tha t the l e g a l  l imit s h ou l d  be a t  s u c h  a l evel t h a t  

d r inking up t o  i t  i s  n o t  . t hought t o  b e  un d e s i rabl e .  

9 .  

I t  h a s  � l s o  b een c l � ime d that b r e a t h - t e s t s  mny b e  u s ed by c l i en t s  

f o r  comp e t i t ive c rinkin � .  The r e  was n o  d ,� f i n i t e  ev i dence t h a t  th i s  

ha ppene d .  I f  i t  h -1d c- c c u r n".J ,  on l y  :1 ve ry sna l l  n uP.lbe r  o f  peo p l e  

wou l d  hav2 b een i n vo lve J . 

A rcm.:1 rkeb l e  f i nd ins> f ro r'l t he s t u d y  w 1 s  t he ab i l i t y  u f  m.:m y p a t ron s  

t o  e s t ioa t e  t h e i r  b l o o d  n l c oh o l  l e ve l s  ve ry � c c u ra t e l y  � f t e r  on e t e s t 
and w i t h  t h e  i n f o rnn t i on she e t s  p rov i ct� d .  

,U t ho u g h  a sma l l  n umb e r  o f  peop l e  w:m t <.!d t o  b e  t e s t e d  t o  de c i cie 

who sho u l <l d r ive t h e i r  c n r s , a h i gh p r opo r t ion of t he p <J t rons w i t h  b lood 

a l co ho l l eve l s  above 100 mg/ 100 m l  p re suma b l y  d rove t h e i r  cars even 

n l though t hey knew t h e y  w e r e  b re aking the l aw .  In t h i s  s ens e ,  b r e a t h-

t e s t in r, as nn e du c a t ion 1 l  e x e rc i s e  i s  b a s i c a l ly ine f f e c t i v e . 

The l.:u;�e numb 2 r  o f  p eo p l e  l e av in g  ho t e l s  n t  c l o s in � t ime w i t h  b loo1l  

� l co ho l l e ve l s  above 1 0 0  m f / 1 0 0  ml , n3 kEs i t  l ikely t h a t  t he p ropo s e d  

b re a t h  n l c u hu l  l e g i s l .:1 t i o n  w i l l  be un sa t i s f a c to ry un l e s s  p ro v i s ion i s  

m:J ,J e  for bre a t h- t c s t in :! ,J f d r i v e r s  t n  b e  c o P.lp l e t ed a t  t h e  ? la c e  where 
t h ey nrc s t o p pe d ,  i n c l u rl i n �  i s s u i n g  n " t i c ke t "  :md t ak in g  cnr keys i f  

.:1 d r in k i n r, - d r i v inr o f f e n c e  hns b e en cor.1mi t t ed . I f  d r iv e r s  h ave to  b e  

t ak en t o  a p o l i c e- s t D t i o n , u n l y  one p e rs0n cnn b e  che cke d wh ile p e rhap s 

an o t he r 5 0  d r i ve nw;Jy i J  h � g -1 l l y  f rom t h e  hr; t e l  o r  t n ve rn c a r  p a r k .  

A l t h o u Bh i t  m � y  h a v e  b e en expe c t e d ,  i t  i s  o f  con s i d e rab l e  i n t e re s t 

to  have i n ct i c n t ions thnt  .:1 t  l e a s t 5 0 1  o f  1 l l  p a t ron s l e av i n g  t he ho t e l s 

an d t ave rn s have b lo o d  a l co h o l  leve l s  ov e r  the legal l im i t  fo r d r iving . 
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Append i x 1 

1 .  

AG E :  

MAS S EY UNIVERS I TY 

ALCOHOL RES EARCH GROUP 

TilE FOLLOI-liNG QUESTIONNAI RE IS ENT I RELY VOLUNTARY . OUR 
AS S I S TANT S  W ILL A ... � S WE� ANY OF YOUR QUERI E S  IF YOU WISH . 

S EX : H E I GH T :  WE IGHT : 

Ab out wha t b l o o d  a l c o h o l  l ev e l  do y o u  t h ink y o u  are a t : ( CIRCL E )  

0 2 0  40 6 0  80 l O O  1 2 0  1 4 0  1 6 0  1 8 0  2 00 ove r 2 0 0  

2 .  How many d r inks have yo u h a d ?  ( 1  d r ink 

o r  
1 g l a s s  bee r 
1 n i p  s p i r i t s )  

3 .  Wha t t ime d i d  y o u  s t a r t  dr ink i ng to day? 

4 .  \me n  d i d  y o u  l a s t  have n mea l ? 

s .  I s  the l e g a l  l imi t f o r  cl r i v in g :  ( C IRCLE) 

Too h i gh Too l ow /\b o u t  r i gh t  

6 .  l lO\v many d r inks do  y o u  th ink i t  t a k e s  t o  re a ch the 
l i mi t ? 

7 .  Do you c on s i de r  yo u r s e l f  f i t t C1  dr i ve ! ( CI RCLE ) 

Y e s  :--Jo t  s u re 

l egal  

8 .  i,'i l a t  i s  y o u r  a t t i tude t o\v.J. r d  rand om ( r o a d b l o ck )  b r e a t h  t e s t in g ?  

l wo u l d  a p p rove o f  i t , e i t he r  f o r r e s e a r ch o r  
f o r  p ro s e c u t ion . 

I wou l d  a p p ro ve on l y  o f  vo lu n t a ry r a n d om 
t e s t i n g  fo r r e s e a r c h  p u rpo s e s , w i t h r e s u l t s  
b e in g  kep t c o n f i de n t i a l . 

I wo u l d  app rove on l y  comp u l s o ry random 
t e s t i ng , f o r  p u r p o s e s  o f  p ro s e c u t i o n . 

I am o p p o s e d  t o  random test ing in any f o rm . 

9 .  Do y o u  be l ieve t ha t  the r e s u l t s  o f  q uan t i t a t i ve b re a t h  ana l y s i s  
s h o u l d  be a c ceptable a s  l e g a l  evidence , in  p lace of b l oo d  t e s t s ?  
( T I CK )  

Y e s  No No t s u r e  

2 4 t h  Novemb e r ,  1 9 7 7 .  

(TICK) 



DO NOT COMPLETE TH I S  S I DE 

POST TEST QUESTI ONNAI RE 

( TO B E  F I LLED I N  BY THE UN IVERS I TY STAFF IN ATTENDAN CE ) 

Time o f  Tes t  

Mach ine Re ading 

Subj e c t  Te s t e d : l s t  t i me 2 n d  3 r d  

D i d  t h e  s ubj e c t  cha n g� h i s / he r  m i n d  a bo u t  Q . 3 ?  

Any s u rp r i s e a t  t h e  r e s u l t ?  

Wa s i t  � xp e c t e d  t o  b e : 

Has t h e  b re a th t e s t  been o f  any v a l ue to 

the s ub j e c t ? 

4 t h 5 t h  

Y e s  No ? 

Y e s  N o  ? 

H i gh e r  Lowe r 

Yes No ? 



B REATHT E ST Q U ES T I ONNA I RE 

Da t e  

( a )  Th e l e B R l  b l ood a l c o ho l l i m i t  i s : 

t o o  h i gh 
t o o  l o w  
abo u t  r i ght . 

( b )  On t he ave rage , how man y  d r inks doe s it t a ke o ve r  
a t h re e  h o u r  p e r i o d  t o  r e n c h  t h e  l e gal l im it ? 
(One d r in k = s i n g l e  n i p  o r  7 o z  b e e r ) . 

( c )  Do you b e l i eve t ha t t he re s u l t s  o f  q u an t i t a t iv e  
b r e a t h  an a l y s i s  s ho u l d  b e  a c c e p t a b l e  a s  l e ga l 
e � i d e n c e , in p l ac e  o f  b l o o d  L e � t s ?  

y e s  
no 
no t s u r e . 

( d )  \<Tha t i s  y o u r  a t t i t ude t owa r rl  random ( roadb l o c k )  
b re a t h  t e s t i n g ?  

I w o u l d  app rove of i t , e i t he r f o r  r e s e a r c h  
o r  f o r  p r o s e c u t io n . 

I wou ld app rove o n l y  o f  vo lun t a ry r an dom 
t e s t ing f o r  re s ea r c h  p u rp o s e s , with resu l t s  
b e i n g  ke p t  con f iden t ial . 

I \vo u l d  app rove on l y  compul sory ran dom 
t e s t in g , f o r  p u r po s e s  o f  p rosecu t ion . 

I am o p p o s e d  t o  r an d om t e s t ing in any f o rm .  

Appendix 2 



1 .  

MAS S EY UNI V'ERS I TY 
ALCOHOL RESEARCH GROUP 

THE FOLLOI H NG QL'ES T I ONNA I R£  IS ENTIRELY VOLUNTARY . OUR 
ASSISTANTS W I LL A.-.Sw'ER ASY OF YOUR QUER IES I F  YOU WI S H .  

AGE :  SEX : liEIGHT : WEIGHT : 

About what b lood a l cohol level do you t h ink you are a t :  

Appen d ix 3 

(CIRCLE) 

0 20 40 60 dO 100 120 140 160 180 200 over 200 

2 .  Bow many drinks have you had? 

Jugs Handle s 
5 o z  
Glass 

7 oz Sma l l  
Gla s s  Bott l e s  

3.  �na t  time d i d  you s t a � t  d r inking t od a y ?  

4 .  When d i d  you l a s t  have a me a l ?  

Large 
Bo t t l e s  

.5 . How many d r inks do you think i t  tak!! s to rea ch t h e  
legal l imi t ? 

6 .  Do you con s i de r  yours e l f  f i t  t o  d r ive ? ( CI RCLE) 

Yes No Not sure 

Bo t t l e s  � � ips o f  
Wine i S p i r i t s  

I 

7 .  Th e  l egal b l ood a l coho l l im i t f o r  d r iving i s  100. Indicate 

8.  

9. 

what you think it should b e :  ( C I RCC.E) 

0 50 80 100 120 150 

Should b r e a t h  tes t s  rep lace b lood t e s t s ?  

Yes No 

Do n ' t know 

( CIRCLE) 

Not sure 

What is your at t i tude to random brea t h  t e s t ing : (CIRCLE) 
Approve For re search 

only 
D isapprove 



�OT COXPLETE THIS SIDE 

POST TEST QUESTIO��AI RL 
(TO BE FI UED IN BY THE UNI VE RS I TY  S TAFF I!'l ATT!::NDANCE) 

re sted on ea r l i e r  occa s ion : Day -----

Time o f  Te s t :  

Machine Reading : 

Sub j e c t  Te s ced : 1st time Znd Jrrl 

Previous R�sul t :  

Any surp rise  .1 t  the res ul t ?  

Was i t  expec ted t o  b e :  

Do yoll thiuk t h e  legal 1 tmt t f o r  d r iving sho u l d  be : 

0 50 80 1 0 0  1 2 0  1 5 0  

Re sult 

4th 

Yes No 

5 t h  

H i ghe r Lower 

No t sure 



KASSEY UNIVERS I TY 

ALCOHOL RES EARCH GROUP 

In co l la bo r a t ion w i t h  the Ho t e l  As s o c i a t i on o f New Ze al and 

and s up por te d  b y  the A l coho l i c  Liquo r Adv i s o r y  Coun c i l  

Th e  g roup w i l l  be p re s en t i n  th is b a r  w i t h  b rea th tes t in g  equ i pme n t  

in a few days t i�e and members o f  the g roup w i l l  i n v i t e  y o u  t o  check your 

ovn b lood a l coho l leve l b y  s imp l y prov i d i n g  a b r e a th samp l e . 

It is now wide ly recognised aro und t h e  wo r l d tha t t he amoun t of a l c o h o l  

in the b lood can b e  e s t imated f rom b re a t h  s amp l e s .  The al cohol research 

group o f  Massey Unive rs i t y has been inve s t i ga t in g the accuracy o f  b re a t h  

alcohol tests fo r several years a n d  has b e e n  t rying out  va rio us b re a t h  

tes t ing in s t rumen t s  o n  i n d ivi dua l s  in t h e  l a bo r a t o ry an d a t  va r ious p r i•:a t e  

func t ions . Dur in g  these s t ud i e s ,  it has b ec ome i n c r e a s ingly appa ren t 

that most p e o p l e  in the commun i ty have l i t t l e  i dea of wha t amoun t s  o f  

liquo r consumed co ul d take a pe r son over t h e  l egal l i mi t  f o r  d r i v in g .  

There a r e  many mis conc e p t ions sur round i n g  d r i n k i n g .  F o r  examp l e ,  

a l coho l i s  not e l imina t e d  i n  t h e  u r ine t o  d c y  s t gn i f i can t deg ree , b u t  i s  
"burnt up" very s l ow l y  b y  the l i ve r .  One o f  l h e  e f f e c t s  o f  alcohol i s  L o  
increase the urine vo lume above normo l ,  b u r  a t  t he s ame t ime i t  become:; 

cons iderab l y  d i l u t e d  s a  r ha t  it is a l most rure wat e r .  I t  i s  a l so n o t  

pos s ib le to sobe r-up q u i c k l y ; wh 1 l e  cu f f � e . a b r e a t h  o f  fresh d i r  o r  
other change s  i n  c i rc ums t a n c e s  may lead a pe r son t o  b e l ieve tha t the e t c e c t 

of a l cohol has wo rn o f f ,  the amount o f  a l coho l in the b l ood a f f e c t i ng t:le 

b ra i n  rema i ns v i r t ua l l y  u n c hange d .  B lood a l coho l l e ve l s  de c l ine s l ow l �  
a t  a c o n s t a n t  rate o f  1 5 -20 mg / 1 00 ml f o r  mos t p e o p l e , so t h a t  i t  wo u l d  

take a t  l ea s t  5 hou r s  t o  reach z e r o  f rom t h e  l • g a l l ici t o f  l O O  mg / 1 00 =1 . 
The ave ra ge level  in i n t a :d c a t e d  dr i v e rs app reh<!nded by t ra f f i c o f f ic e r s  

i s  about  1 7 0  mg/ 1 0 0  cl s o  t ha t i t  woul d  D e  a t  le a s t 3 hours be f o re s uch a 

person go t down to the l e g a l  l im i t and a f u r t h e r  5 hours to comp l e t e l y  use 
up t h e  rema ining a l coho l in t h e  body . 1 t  i s  p r o b a b l e  that  many p e o p l e  

start t h e  d a y  w i t h  a l c o h o l  i n  t h e i r  b l oo d , r emd ini ng f rom a pa r t y  o r  a h e a v y  

drinking s e s s ion t h e  n i gh t b e f o r e .  S im i l a r l y ,  a f t e r  a " fo r t i f ied" l un c h , 

the 5 o ' clock d r inker may have a head s t a r t  in the b l o o d  al cohol s t ake s .  



2 .  

What a re your b lood alcohol leve l s  d u r i n g  a n d  a f t e r  your normal 

dr ink ing s e s s ion ? Are y o u  wi th i n  the le ga l l i m i t  and s a fe to drive ? 

Row quickly do the b lood leve ls go down when d r ink ing has f in i s he d ?  

In the ne x t  f ew d a y s  w e  wi l l  be b r inging o u r  b rea th test ing equ i poen t  

to this b a r  s o tha t you may s e e  f o r  y o u r s e l f  t h e  answe r to some o f  t he s e  

que s t ions and our s t a f f w i l l  be ln a t t endance t o  t e s t  y o u  i f  you w i sh .  

We a s k  that b e f o re taking a breath te s t ,  you re f ra i n  f rom drinking an y 
alcoh o l i c  l i quor for a t  least 10 minu t e s .  TI1 i s  i s  b e cause the a l c oho l 

con t e n t , e ven of b ee r ,  i s  much h i ghe r t h a n  b l ood l e ve l s  and conseque n t ly 

the conce n t ra t ion in t h e  mou th rema ins ve ry much h i ghe r for up to 10 
min u t e s  a f t e r  d r ink ing . 

Below are some gu ide l ines derived from o u r  rese a rch work whe re d r ink i n g  

was under normal soc i a l  condit ions i n  a b a r .  

GUIDELINES TO BLOOD ALCOHOL LEVELS FROM DRINKING OVER A 2 - 3  HOUR P ERIOD 

Numb e r  o f  d r i nks ( l owe r l imit s )  I Body We i gh t 
,_____. I r- I I 1 9  1 1 0 ju =:=] 

Kg . S t ones 1 2 3 4 5 I 6 7 8 
-

50 8 i i 
I i - I I 70 1 1  ' I 

I I I 
-- I 

9 0  1 4  I I l I i I llood a l cohol I 
leve l  mg/ 100 m l l so 80 100 

-

Le g a l  
Lega l l y  sob e r  ros s i b l y  I l leg;, l imp l i ca t i on s  I i l l e g a l  

-

Dr ive ca u t i o us l y  S ho u l d  r. ..> t  Do no t d r ive 
I d r i v..: 

Al l ow one h o u r  f o r  
eve ry d r ink ove r 
the legal l im i t  

N . B .  1 Drink i s  l g l a s s  o f  b e e r  ( 7  o z  o r  2 00 ml ) 

o r  1 n ip of s p i r i t s  ( 1 7  ml ) 

o r  1 glass o f  w ine 

Norma l l y  a pe rson ' s body c an use u p  a bo u t one drink per ho ur . I f  yo u 

I I 

have no more t han one p e r  hour you can remain lega l l y  sobe r .  

m1e d r ink can a f fe c t  d r i v in g  for  some peop l e . 

Howeve r ,  even 

CMod i f ie d  f rom an Orange Coun t y ,  U . S . A .  c a r d )  
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