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Summary. A cmnbination of gas chromatograph-mass spectrometer has been used for the 
qualitative and quantitative analysis of ethyl alcohol in aqueous solution. An on line computer 
continuously acquires and stores information and controls the scan of the mass spectrometer. 
The results are calculated fl'om mass numbers 31, 45, the molecular ion 46 and from the 
retention time. The computer is also programmed to calculate the concentration of ethyl 
alcohol in mixtures with other low molecular weight compounds. Alcohol samples in the 
concentration range of 0.02 to 0.3°/o can be determined with an accuracy of better than ~5°/o . 

Zusammen]assung. Die Anwendung einor kombiniertea gaschromatographisch-massen- 
spektrographischen Methode fiir die qualitative und quantitative Bestimmung yon Alkohol 
in w~grigen L6sungen wird beschrieben. Die Auswahl der Massenspektren erfolgt durch einen 
Computer, der kontinuierlich mit Informationen gespeist wird. Die Ergebnisse werden aus 
m/e 31, m/e 45, Molekulion 46 und den Retentionszeiten kalkuliert. Eine Bestimmung der 
Alkoholkonzentration ist dutch geeignete Programmierung auch dann mSglich, wenn andere 
leichtflfichtige, niedermolekulare Substanzen vorhanden sind. Alkoholkonzentrationen yon 
0,2 bis 3% kSnnen mit einer Genauigkeit yon mindestens ~_5°/o bestimmt werden. 
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Introduction 

Modern tbrensic chemis t ry  uses mos t ly  gas ch romatography ,  alone or in com- 
b ina t ion  wi th  an  enzymat i c  me thod  (ADH),  for the  de t e rmina t ion  of alcohol in 
biological  samples  (1--4) .  However ,  the  combina t ion  of gas ch roma tog raphy  and  
mass  spec t rome t ry  fulfills a lmost  all  demands  for specific and  accura te  alcohol 
de te rmina t ions .  A recent ly  publ i shed  pape r  (5) describes such a combina t ion  for 
the  qua l i t a t ive  and  quan t i t a t i ve  de t e rmina t ion  of e thy l  alcohol. The resul ts  were 
ob ta ined  b y  the  cont inuous  s t u d y  of  the  three  mass  numbers  m/e 31, 45 and  46 
dur ing  the  t ime  the  e luate  passed  the  ion source. The q u a n t i t a t i o n  was based  
on the  ion cur ren t  of  the  molecule ion M = 46 and  the  qua l i ty  was checked b y  
the re ten t ion  t ime  and  the  in t ens i ty  ra t io  of m/e 31 :m/45 + 4 6 .  I n  this  work, a 
compute r  was used for processing the  mass  spect ra l  d a t a  of al l  masses recorded 
a l though  only  the  three  most  character is t ic  peaks  m/e 31, 45 and  46 were eva lua ted  
and  used for ident i f ica t ion  and  quan t i t a t i ve  de t e rmina t i on  of e thy l  alcohol. A 
m a x i m u m  of  ten  o ther  mass  numbers  are used for the  ident i f ica t ion of  methanol ,  
ace ton  and  ace ta ldehyde .  These compounds  m a y  be presen t  in biological  fluids 
af ter  consumpt ion  of  impure  e thy l  alcohol or technica l  alcohols.  
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Method 

A combined gas chromatograph-mass spectrometer type LKB 9000 with a 20°/~ polywax 
4000 column 1.5 m × 2 mm has been used to separate and analyse ethyl alcohol. The signal 
from the electron multiplier is fed to the analog input of an IBM 1800 computer and sampled 
at a frequency of 8 to 12 kc. :Fig. 1 shows a compressed flow chart of the processing system. 
At the beginning of each scan of the mass spectrometer the computer eMcu]ates the noise 
level and adds a fixed value to this. The result will be used to set an electronic threshold via 
digital output on the computer. All values above this threshold are collected and evaluated 
in the desired form. An electronic mass marker is used to establish the mass number. The 
16-bits value in BCD-eode from the mass marker is detected by the digital input of the 
computer for each sample on the analog input. The total ion current from the mass speetro- 
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Fig. I. Flow chart of the Ethyl program illustrating the basic steps in determination of ethyl 
alcohol, acetaldehyde, aceton and methanol 
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meter is also detected and is used to control the start of the scan of the mass spectrometer. 
Background spectrum must first be taken, which will be subtracted from all spectra of 
injected samples. The running must begin with specifying the concentration of samples for 
three standards, which cover the range for the unknown samples. The retention time for ethyl 
alcohol must also be specified. However, the specified retention time can be changed at any 
time during the running. The computer records the three standards and the intensities for 
the peaks in the spectrum will be calculated through integration of each peak. The intensities 
of the peaks m/e 29, 31, 32, 43, 44, 45, 46 and 58 are stored in the core memory together with 
the five highest peaks above m/e 28 which may be some of the mass numbers mentioned or not. 
Of these peaks m/e 31(-CH~OH), m/e 45 (M-l) and m/e 46 (M) are used for identification and 
determination of the concentration of ethyl alcohol. Acetaldehyde is identified from peaks 29, 
44, aceton from peaks 43, 58 and methanol from peaks 31, 32. The five highest peaks above 
28 are used for checking if other compounds are present in the ethyl alcohol component. 

In order to run the known and the unknown samples under the same condition, a part of 
the total ion current is detected by the computer. When the maximum intensity of each 
component is obtained and thereafter a few mV of decreased amplitude is detected, the 
computer gives out a pulse to start the scan. This decrease of the amplitude is necessary to 
eliminate a scan start caused of signal noise. Simultaneously with the injection of the sample 
an interrupt is given to the computer which starts a timer ~o make it to determine the retention 
time for respectively components. When the scan is s~opped, a pulse is given to the computer 
to start the evaluation of the spectrum to check if criterea for ethyl alcohol is fulfilled. If the 
relation between the peaks does not fulfil the criterea, but the retention time is within the 
limits for ethyl alcohol, it is analyzed to determine whether or not the spectrum represents 
a mixture containing ethyl alcohol, in the event it does, the concentration of ethyl alcohol 
is calculated. 

When either of the 2 cases is fulfilled, the sequence number and the retention time for 
the component together with a message, stating that this spectrum is ethyl alcohol or a 
mixture including ethyl alcohol with the determined concentration, is printed. When neither 
of these cases occur, it remains to determine whether or not the relation of the peaks corresponds 
to the criterea either for acetaldehyde, aceten, or methanol. If there is no correspondence, 
the spectrum is classified as urddentified. One of the answers is printed together with a sequence 
number and the retention time for the component. After the print outs the computer is ready 
to give a new sta~ pulse for a new scan. The time between a scan stop and the moment the 
system is ready for a new scan is 1--2 sec. The injected amount of the water solution is in all 
cases 3 ~1 at an alcohol concentration between 0.01 to 0.4%. A column temperature of 90°C 
gives a retention time of about 70 sec for ethyl alcohol and 50 sec further for the water peak. 

Results and Discussion 

To obta in  an acceptable quan t i t a t ive  de te rmina t ion  of e thyl  alcohol by  a mass 
spectrometric method,  it  is necessary to r un  s tandard  samples at  different con- 
centrat ion.  The in tens i ty  measurement  of these samples mus t  be proport ional  to 
the injected sample a m o u n t  of the alcohol concent ra t ion  since the accuracy of the 
u n k n o w n  sample concentra t ion  is received by  in terpola t ion between the s tandard  
samples. Ins t ead  of inject ing several s tandards  of each concentra t ion  only one of 
each of the three different s tandards  are injected, bu t  the peak in tens i ty  mus t  be 
checked to be proport ional  to the alcohol concentra t ion  wi thin  a given value. The 
q u a n t i t y  of ethyl  alcohol is de termined from the in tens i ty  of the molecular ion 
M = 46 ins tead of the peaks m/e 31 (--CH~OH) and  m/e 45 (M - -  1) which are of 
higher in tensi ty ,  since the mass n u m b e r  m/e 46 has small  background and  almost 
no interference of peaks from other components .  E t hy l  alcohol is identified from 
the in tens i ty  relat ion between these peaks as well as from its re ten t ion  t ime. 

Fig. 2 shows the sum of the in tegra ted  ion current  intensi t ies  of m/e 46 as a 
funct ion of the ethyl  alcohol concentrat ion.  The used concentrat ions are:  0.01, 
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Table 1. Computer print out o/the results ~tom the sample injectiou shown in Fig. 3 

Spectrum :No. 1 at retention time = 8 sec unidentified 
Spectrum No. 2 at retention time = 36 sec Acetaldehyde 
Spectrum :No. 3 at retention time = 47 sec Acetone 
Spectrum No. 4 at retention time ~ 60 sec Methanol 
Spectrum :No. 5 at retention time -- 73 sec Ethyl alcohol with concentration = 0.0196°/o 
Spectrum No. 6 at retention time = 89 sec unidentified 

0.025, 0.05, 0.10, 0.20, 0.30 and  0.40%. Of these s tandards  three are choosen when 
u n k n o w n  samples will be determined.  Standards  samples are periodically injected 
to check tha t  the accuracy is wi thin  ~= 5% in the alcohol concent ra t ion  range of 
0.02 to 0.3%. 

Fig. 3 shows a chromatogram of the tota l  ion current  of a mix ture  of four com- 
pounds in  water  solution and  mass spectra were taken  as indica ted  a t  each peak 

maximum.  The results are given in  Table 1 which shows the four identified com- 
ponents  together with their  re ten t ion  times and  the concent ra t ion  of e thyl  alcohol. 

I t  is only these four compounds which will be identified if  they  appear  and  other 
peaks such as 1 and  6 will no t  be identified and  printed.  The water  peak is of 
enormous height as expected and  for this reason the valve to the ion source is 
normal ly  closed as soon as the peak appears which was no t  done in this case. 
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Fig. 3. Chromaf~gram of a mixture of 4 compounds in water solution: peak 2 acetaldehyde, 
3 ace~on, 4 methyl alcohol and 5 ethyl alcohol. Peaks 1 and 6 were not identified. The mixture 

contained 0.02°/o of each compound and the helium flow rate was 30 ml/min 
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Conclusion 

The results of  the computerized GC-MS system have shown tha t  e thyl  alcohol 
and other  low molecular weight compounds  could easily be analyzed using this 
method.  Al though quant i ta t ive  determinat ion has only been used on ethyl  alcohol, 
a similar method  could be used for the compounds studied and included in this 
paper, and for other  low molecular weight  compounds.  By  using a more sofisticated 
searching program even drugs and toxic compounds could be determined using a 
similar technic. I n  this work an unnecessary large mass spectrometer  and com- 
puter  were used for the analyzing purpose and it is clear tha t  a much smaller 
system could be used for the same purpose. By  using an automat ic  injection of the 
samples a complete system involving all necessary steps in the determinat ion of  
ethyl  alcohol could be constructed. I n  order to increase the capaci ty  of  the analys, 
two columns could be used to al ternate between at the injection. I n  t ha t  case it 
should be possible to avoid the water  peak to enter the mass speetrometer by 
switching over to a second column as soon as the alcohol peak from the first 
column has been recorded. The computer  program size for this application is such 
as it will work very  well in a mini-computer  with 4 K words memory  and wi thout  
any  other storage memory.  
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