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1. Alcohol – The Basic Facts

Alcohol is a colourless liquid with a boiling point of 78.3°C (at standards atmospheric pressure) and a density which makes it about twenty percent lighter than water.  

It has a low molecular weight and is highly soluble in water.  These two physical properties mean it diffuses rapidly through body membranes into the various tissues.

Alcohol is produced by the action of yeasts and bacteria on sugars and starches, in a process known as fermentation.

Fermentation can only produce alcohol up to a strength of about 14% by volume (14% abv); above that the yeasts are deactivated by a poisoning effect of the alcohol itself.

Stronger drinks are therefore produced by fortification through adding alcohol, or a stronger alcoholic drink (such as in the case of sherry or port), or by distillation (such as whisky or brandy).

The following table shows the typical alcohol concentration in a variety of commonly consumed drinks:

Table 1

The Alcohol Concentration in a Variety of Commonly Consumed Preparations
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2. Alcohol – The Social Drug

When consumed, alcohol acts as a depressant drug, exerting its familiar effects on the human body chiefly by slowing down the processes occurring in the higher centres of the brain.  The higher the concentration, the greater the depressant effect that occurs.

Alcohol has been used as a euphoriant by man since Stone Age times and has now come to e one of the mot commonly used drugs in modern society.

In moderation it exerts little or no damage on the consumer, though addiction (alcoholism) can occur in certain individuals, with resulting harm – both physically and socially.
The opiate drugs – such as heroin and opium – are still used by people of some societies, but are both highly damaging and powerfully addictive.

Other drugs which are in common use by man around the world – such as tea, coffee and chocolate – are practically harmless and exert little or no addictive effect on their consumer.

Alcohol lies in that grey area somewhere between those two extremes:

Caffeine


Alcohol


Heroin

Harmless;






Harmful:
Non-addictive





Addictive

3. Alcohol Analysis

It is fortunate that alcohol is one of the few drugs in use which is volatile enough to appear in the expired breath.  That is to say, a small proportion of the alcohol which I consumed evaporates from the pulmonary arterial blood into the breath, where its presence and / or concentration may be readily determined using a Lion instrument.

Most other drugs can only be analysed in blood, saliva or urine specimens, since they do not evaporate into the breath.

The detection and measurement procedures necessary with blood and urine analysis often involve long and complicated laboratory separation and measurement techniques.  However, since alcohol is one of the few substances which appears to any significant extent in exhaled human breath (besides the normal respiratory gases), there is generally little else which could possibly, in real practice, interfere with its analysis.

The quantity of alcohol in a person’s deep lung breath is dependent on the concentration of alcohol in their pulmonary arterial blood, and so may be used as an index of assumed impairment.

Lion breath alcohol instruments have been carefully designed and manufactured to measure accurately the concentration of alcohol in a subject’s breath, so as to provide a reliable indication as to whether that concentration exceeds the prescribed legal limit; and if so, by how much.

To understand the basic theory of breath alcohol analysis (which is based on certain well established physical and physiological principles), we should first consider some of the basic facts about the passage of alcohol through the human body.  Let us start with its initial consumption (ingestion) and proceed, through its absorption into the blood supply, to its appearance in the breath and subsequent breakdown (metabolism), in the liver.
The following abbreviations will be used throughout:

BAC – BLOOD ALCOHOL CONCENTRATION

BrAC – BREATH ALCOHOL CONCENTRATION

4. Ingestion and Absorption

When a person consumes an alcoholic drink – such as beer, wine, spirit or liqueur the liquid passes quickly from the mouth into the stomach and ultimately into the small intestine.  Much of the alcohol is absorbed into the blood through the soft mucous lining of the mouth and from the stomach: the rest is absorbed through the walls of the small intestine.

The alcoholic fluid can only pass from the stomach through to the small intestine when the stomach valve (the pyloric valve) opens.  This process is known as gastric emptying.
Strong solutions of alcohol irritate the stomach wall and are able to delay the opening of the pyloric valve.  This might explain the fact that a person may sometimes consume two or three undiluted spirits (40% alcohol by volume) on an empty stomach and yet show a lower than expected blood alcohol concentration for some appreciable time afterwards.

After the stomach it is in the upper part of the small intestine, the duodenum, that the alcohol is absorbed into the blood stream.  The duodenal walls, besides being permeable, are richly supplied with blood vessels to absorb and carry away nutrients from the digested food.

Most foods – such as starches, proteins and fats – require digestion by enzymes to make the molecules small and soluble enough to pass through the intestinal walls.  Alcohol, however, requires no such breakdown since being a small soluble molecule it is already able to pass directly through the intestinal walls into the bloodstream.  This explains the speed with which the effects of an alcoholic drink may be felt, particularly when this is taken on an empty stomach; provided of course, that the alcohol concentration in the drink is not so great as to delay the opening of the stomach valve, or to irritate the stomach wall.

All the time a person is drinking, alcohol is being absorbed into his bloodstream, so that he is increasing his blood alcohol concentration.  Even when the drinker has finished consumption, alcohol is still present in his stomach and intestine, so that this alcohol absorption phase is not complete until some time later.  If the intestine and stomach are empty of solid food then the ingested alcohol comes quickly into contact with the intestinal walls, so that absorption is unimpeded.  Under these conditions absorption may take only thirty minutes to reach completion after the last drink has been swallowed.

However, if the stomach is relatively full of food, from a recent or current meal, then the absorption of alcohol into the blood is slowed and may take ninety minutes, or even longer, to reach completion

Please Note:

Alcohol cannot be absorbed into the

Body by inhaling of its vapours or by

Absorbing it through the skin.

5. Distribution Around the Body

As the blood passes through the fine capillaries in the duodenal walls it picks up alcohol, along with any other absorbable substances which may be present in the digestive tract.  These capillaries feed into the main hepatic portal vein, a blood vessel which passes directly to the liver.

Here, in the liver a small quantity of the alcohol is constantly extracted and broken down.
As the blood leaves the liver it flows to the right side of the heart.  From there the blood is pumped through the lungs via the pulmonary circulation and having gained oxygen, is returned to the left side of the heart, to be pumped around the rest of the body via the aorta:
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The blood flows to all parts of the body, distributing the alcohol to those tissues which contain water.  As the alcohol reaches the brain it causes a slowing up – a depression – of its normal processes, so resulting in the characteristic symptoms of alcohol intoxication.

Blood also carries alcohol to the lungs, where a small proportion evaporates into the breath and can be measured so as to provide an index of that person’s assumed impairment.  

6. Alcohol Elimination
As the blood flows from the duodenum it passes through the liver, where a certain small quantity of alcohol is constantly removed.

This elimination process proceeds as a fixed rate, but is relatively slow, so that only a small quantity of alcohol can be removed at any time.

Eventually, however, about ninety per cent of the ingested alcohol will have been removed by the liver as the blood flows back through it from the general body circulation.

The remaining ten per cent of the alcohol leaves the body with the urine and breath, and through the skin with the sweat.

In the liver alcohol is broken down chemically, eventually to produce carbon dioxide.  This is carried away y the blood and excreted from the body via the breath from the lungs.

It is important to remember that, while alcohol is still being absorbed from the stomach and / or duodenum, the blood alcohol level will initially be rising much faster than the simultaneous rate of breakdown in the liver.  Only when the rate of alcohol absorption falls to below the rate of elimination will the overall BAC, and hence the BrAC, start to decrease.

This phase of alcohol metabolism, known as the alcohol elimination phase, lasts until all the alcohol has been removed from the body.
When absorption is finally complete, the rate of decrease in the blood and breath alcohol levels reflects the rate solely at which the liver is removing alcohol from the blood, as well as the small contribution to elimination made by the urine, breath and sweat.

The rate at which the liver removes alcohol from the blood varies from person to person, and even in the same individual on different occasions, but the average is generally between 15 and 25mg per 100ml (0.15 or .025% BAC) every hour, resulting in a breath alcohol decrease of between 6 and 11pg/100ml (.06 and 0.11mg BrAC) per hour, during the elimination phase. 

This means that in practical police work a person’s alcohol level, when measured at the roadside using a screening device and found to e just in excess of the prescribed limit, could then metabolise sufficient alcohol to decrease his or her level to below the prescribed limit in the time period leading up to his arrest at the roadside and the evidential breath analysis at a police station.

On the other hand, if the subject was still absorbing alcohol at the time of a positive breath screening test, his alcohol level could increase still further in the interim period before the evidential breath analysis procedure at the police station.  However, such a scenario is generally unlikely in practice, taking into account the alcohol consumption pattern of normal social drinkers.

7. Factors Affecting the Body Alcohol Concentration
In general the more alcohol a person consumes, the higher will be his or her maximum blood or breath alcohol concentration.  But the maximum alcohol level actually attained will also depend on the following factors:

A. Nature of Alcohol Consumed

The concentration of a drink for most rapid absorption into the blood is about twenty per cent alcohol by volume, which corresponds to whisky and water in equal proportions, or neat sherry.

Because strong solutions of alcohol can irritate the stomach wall and slow the opening of the pyloric valve connecting the stomach to the duodenum, drinks like neat spirits (typically forty per cent alcohol by volume) have a slower rate of absorption.

Beers, because of their low concentration (typically four or five per cent alcohol by volume), are more slowly absorbed because of the larger bulk volume of liquid through which most of the alcohol must diffuse before it reaches the walls of the stomach and the duodenum.


Drinks taken as aperitifs – such as gin and tonic, or sherry – are probably chosen as they are about 15-20% alcohol by volume, and are therefore absorbed quickly into the bloodstream, so stimulating the appetite and the flow of digestive juices ready for the meal to follow.

Carbon dioxide – as in soda water, dry ginger or champagne – marginally hastens the passage of alcohol into the blood, although the exact mechanism by which this occurs is not fully understood.

In general, the slower the rate of alcohol absorption into the blood, the lower the maximum BAC and hence BrAC will be, all other factors being equal.

B. Time
If alcohol is consumed over a long period of time, the rate of increase in the BAC due to absorption may be close to the simultaneous breakdown rate in the liver.

This breakdown rate is roughly equivalent to removing the alcohol from approximately 250ml (about half a pint) of beer or a 25ml (single) measure of spirits every hour.  If drinking is maintained at this rate – 250ml of beer or 25ml of whisky per hour – there will be no appreciable increase in the blood or breath alcohol concentration, but any intake above this rate will lead to an increasing level.

Thus, the longer the time period over which drinking occurs, the lower  will be the final blood or breath alcohol level, all other factors being equal.

C. Stomach Contents
The presence of food in the stomach will also influence the maximum alcohol level that will be attained after the consumption of a certain quantity of alcohol.

If the stomach and duodenum are empty of solid food then the alcohol comes more quickly into contact with the walls through which absorption takes place.  But the presence of foods in the stomach and duodenum, particularly fatty substances impedes absorption of alcohol through these walls and so lessens the maximum blood level attained.

There is certainly, therefore, some reason to precede a few drinks with a bottle of milk (which is fatty), or a plate of mashed potato, since these will reduce the effects of alcohol – although the heavy imbiber should not rely too strongly on this principle.

D. Body Weight
Nearly two thirds of the human body weight is water.

Absorbed alcohol is distributed by the blood and mixes evenly through this water.  The larger the body the more water it contains to dilute the alcohol consumed, so the lower the final alcohol concentration in the blood and breath.

People with much body fat will contain less water than a muscular person of the same body weight.  Since alcohol is far less soluble in fat than it is in water, its concentration will reach a higher level in the blood of a fatty person than of the muscular person who has consumed the same quantity of alcohol, all other factors being equal.

Finally, women also have lower proportional body water content than men, and so arrive at a higher blood alcohol concentration for the same quantity of alcohol, at the same body weight.

8. Breath Alcohol – Theory

The blood, having passed from the liver to the heart, is pumped through the lungs before flowing back to the heart to be distributed around the rest of the body tissues.  This is of the utmost significance to breath testing and is, therefore, fundamental to the operation of Lion’s instruments.

It is in the lungs that the exchange of oxygen from the air into the blood and of carbon dioxide in the reverse direction, proceeds continuously during the process of breathing.  In the same way as carbon dioxide evaporates from the blood into the breath, then so does a small, representative portion of the alcohol.

This gaseous exchange process may be depicted as follows:

The quantity of alcohol that evaporates into the breath depends on its concentration in the blood.  This is known as Henry’s Law, which says that the breath alcohol level depends on the blood alcohol concentration.

For a better understanding of Henry’s Law, consider what happens when household ammonia is poured into a bucket of water.  If a small amount is added then only a weak ammonia smell is detected in the air above.

But if twice the quantity of ammonia is added the smell is twice as strong.  So, measuring the concentration of ammonia in the air enables us to determine how much ammonia is dissolved in the water.  

HENRY’S LAW

The relationship between the blood and breath alcohol concentrations in equilibrium is well-defined and the value of the actual concentration ratio is known.  This is the blood/breath ratio and, although a small variation exists in its value from person to person, the value of 2300:1 is now commonly accepted as being appropriate ratio of blood to expired breath for forensic application.

Please refer to Section 12 for further information and a conversion chart.

Please Remember!

It should always be remembered that, contrary to SOME popular opinion, breath analysis does NOT measure the alcohol coming from the stomach, or remaining from the last drink, but the representative portion coming from the blood.
9. Breath Alcohol – Precautions

So that the result of a breath alcohol analysis can accurately reflect the concentration of alcohol in a person’s body, we must take two fundamental precautions when sampling the breath specimen.

A. Deep Lung Air
A true measurement of the concentration of alcohol in a person’s body – that is, the concentration which reflects his state of impairment – can only be obtained by analysing what is known as deep lung air, since only this has been in close contact with the blood.

Air from the mouth and the upper parts of the respiratory tract has never been in close contact with the blood, and so is low in alcohol.

B. Mouth Alcohol
The concentration of alcohol in a drink is much higher than would ever be present in a persons blood.  This means that if a breath specimen was analysed soon after the subject had consumed his or her last drink, the reading would be very high, due to residual alcohol remaining in the mouth.  Some of this mouth alcohol would evaporate into the expired air, but the resulting breath alcohol reading would not reflect the true blood alcohol concentration.

It is important, therefore, that a period of at least twenty minutes has elapsed since the subject had his or her last drink.  This twenty minute period allows for any mouth alcohol to be dispersed (washed away by the saliva), so that a valid breath alcohol analysis can be carried out to determine the truly equilibrated breath alcohol concentration.

Similarly, if the subject has recently regurgitated or vomited, this too could introduce alcohol into the mouth and so affect the result of a subsequent breath test

IMPORTANT NOTE!

For an elevation in breath alcohol to occur as a result of vomiting or regurgitation, the stomach alcohol concentration must exceed the blood alcohol concentration at that point in time – which is entirely unlikely once the alcohol absorption phase is over (an hour or less after the last drink).
Finally, although a period of twenty minutes is normally allowed after the last alcohol intake for the dispersal of mouth alcohol, this period is, in fact, quite generous since ninety percent is gone within only eight minutes.

10. The Arterial-Venous Blood Alcohol Difference

When a person consumes an alcoholic drink, the alcohol is taken into the blood and distributed around the body, to be absorbed into the water component of the various organs and tissues. The more water a tissue contains then the more alcohol it will take up, all other factors being equal.  The tissues will continue to absorb alcohol from the blood until the whole system is in equilibrium.

This means that, while the blood alcohol level is still rising, the arterial blood will continue to lose alcohol to the tissues as it flows through the capillaries to the venous return side of the general circulation.  The venous blood will, therefore, be lower in alcohol concentration than the arterial blood:  this is known as the arterial/venous difference.
When the blood alcohol concentration is no longer rising, due to completed absorption into the blood, the blood and tissues will be in equilibrium with regards to their alcohol concentrations.  The blood no longer loses alcohol to the tissues as it flows through them, so the arterial/venous difference is eliminated.
When a subject who is still absorbing alcohol provides a breath specimen for analysis then, because he is providing air which has been in close contact with the pulmonary arterial blood, the readings obtained from breath analysis and computed to a blood figure using the usual blood/breath ratio will be higher than those obtained by analysing simultaneously drawn venous blood samples, but the same as those if capillary (arterial) blood had been taken and analysed.
Until absorption is complete, therefore, venous blood analysis gives a falsely low indication of the concentration of alcohol entering the brain in arterial blood – and so which is causing impairment.
After the completion of alcohol absorption, the results obtained by comparing breath and venous blood should be the same as those obtained by comparing breath and arterial blood.

The questions of the arterial/venous blood difference, and what is the most appropriate blood/breath ratio to use, are overcome in practice simply by expressing the analytical result in breath alcohol concentration (BrAC) units, ad dispensing with the conversion calculation altogether.

11. Effects of Alcohol on the Human Body
The effects of alcohol on the body are related to its concentration in the arterial blood and, therefore, in a specimen of truly equilibrated deep lung breath.  It is known, however, that different people exhibit widely varying degrees of tolerance to alcohol, and that the same person may, at a particular alcohol level, show different degrees of intoxication on separate occasions.

Alcohol is a central nervous system depressant.  This means that it slows down the processes occurring in the higher centres of the brain, so resulting in the symptoms of alcohol intoxication, including:
· Loss of balance

· Poor co-ordination of the eyes and limbs

· Impaired hearing

· Loss of body water

The effect on vision are several, including:

· Decreased peripheral field (tunnel vision)

· Loss of colour vision

· Decreased tolerance to dazzle

· Longer to adapt to a change in lighting

· Loss of judgement of speed and distance

Alcohol also depresses the ability to make realistic self-criticism, with the result that the drunken driver genuinely believe himself to be driving better and more safely than he really is.

The following table shows the symptoms which may be observed at particular alcohol levels in normal social drinkers.

It must be remembered, however, that there will be much variation in response from person to person, ad in the same person from day to day.  Experienced drinkers are also able to withstand higher levels of alcohol than normal drinkers, without necessarily showing the outlined signs stated here, although their motary, sensory and co-ordinating skills – which are precisely those that are needed to control a car safely on a road – will be just as impaired.

Relation of Alcohol Concentration to Stage of Alcohol Influence in Normal Social Drinkers
BrAC

BAC

Stage of

Symptoms

Mg/l

mg/100ml
influence

0.020
0 – 45

Sobriety

No obvious effect but the          





person may be more talkative








And have a general feeling of 


              



well-being.

0.15 – 0.50
35 – 115
Euphoria

Increased self-confidence and







decreased inhibitions.  Loss of 







attention, judgement and 

Control by decrease in co-ordination and sensory perception.

0.40 – 1.00
90 – 230
Excitement

Emotional instability and loss 







of initial judgement.  Decreased







perception and co-ordination 







(hence staggering gait).  







Increased reaction time, 







possible nausea and/or desire 







to lie down.
0.70 – 1.20
160 – 275
Confusion

Disorientation, mental confusion







and dizziness.  Exaggerated 







fear, anger and grief.  Loss







of perception of colour, form







motions and dimensions.







Decreased pain sense.  








Impaired balance and slurred







speech.  Possibly coma.

1.10 – 1.60
250 – 370
Stupor


Apathy, general inertia, 








approaching paralysis.  Marked 







lack of response to stimuli.  







Inability to stand or walk.  







Vomiting, incontinence of 







urine and faeces.  Coma, sleep







or stupor

1.50 – 2.00
345 – 460
Coma


Coma and anaesthesia.








Depressed or abolished 







reflexes.  Hypothermia.  







Impaired circulation and








and respiration.  Possible Death

1.90 +

440 +

Death


Death from respiratory paralysis.    

A. Alcohol and Driving

The role of alcohol in traffic accidents, particularly those involving fatal or serious injuries, is both highly significant and well documented.

The following diagram shows how the risk of accident involvement rises with increasing BrAC’s – particularly in younger, less experienced drivers and drinkers:

B. Alcohol at Work

Having a drink or two at lunchtime, or occasionally having ‘one too many’ after a stressful day at work is an enjoyable aspect of many peoples lives and is socially acceptable.  But the effects of heavy drinking can stay in the system for many hours and so ‘the morning after the night before’ can last well into the working day.

The effects of alcohol on work are well documented:

· Loss of productivity and poor performance.  In the UK hangovers alone cost industry £358 million each year.

· Effect on team morale and employee relations.

· Safety concerns – 25% of workplace accidents are alcohol-related.

· Working days lost due to absence: in the UK up to 14 million days each year

· Adverse effects on company image and company relations.

So what can business do to reduce the dangers and costs of alcohol at work?  The following are some suggestions:
· Provide employees with information on the health risks of excess alcohol.

· Recognise and monitor signs that someone may have a drink-related problem by examining patterns of lateness, sickness, accidents and fluctuating levels of performance.

· Develop a well communicated policy on alcohol at work, including a procedure for alcohol testing and referral for additional help.

Recognising the heavy costs of alcohol to industry, companies must act to safeguard the welfare of its employees and its business.

12. Blood and Breath Alcohol Units; and Blood: Breath Ratios

Various blood and breath alcohol concentration measurement units are in use around the world, although some degree of harmonisation now exists.

The table below shows how these various units are related to each other.  Each breath alcohol number represents the same absolute concentration.  The blood alcohol equivalent values are then shown, after conversion using three values of the blood-breath ratio – 2,000:1, 2,100:1 and 2,300:1.
							     Alcohol Concentration


							     (Normal Range)


							     Percent by Volume








Beer – Draught Mild						2.5  	-	3.0


Beer – Draught Bitter					2.5	-	4.5


Beer – Export Bitter						3.5	-	5.5


Barley – Wine						8.5	-	11.0


Stout – Guinness						4.5	-	5.0


Lager – Normal						3.5	-	5.5


Lager – Export Special					7.0	-	8.5


Cider								3.0	-	7.0


Table Wine							10.0 	-	13.0


Fortified Wine (Port, Sherry)				16.0	-	22.0


Vermouth							16.0	-	23.0


Spirit								37.0	-	50.0


Liqueur							30+	























