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Summary .  Four  male subjects aged between 20 and 29 
years were given intravenous injections of methanol  at a 
dosage of 10 mg per  kg body weight, once without prior 
administration of ethanol,  and once after oral ingestion 
of 0.3 g ethanol per  kg body weight. The serum methanol  
concentration was moni tored over  the next 5 h (after 
methanol  administration alone) and 6 -7  h (after meth- 
anol administration following ethanol ingestion). The 
elimination of methanol  administered alone was found 
to follow first-order kinetics with a rate constant for the 
elimination phase of 0.475-0.259 h -1, corresponding to 
an elimination half-life of 1.8-3.0 h. When ethanol was 
also administered methanol  oxidation was found to be 
completely blocked until the blood ethanol concentra- 
tion had fallen to 0.2g/kg. When the ethanol concen- 
tration had dropped to zero, methanol  elimination fol- 
lowed exactly the same course as that observed in the ex- 
per iment  without prior administration of ethanol (k: 
0 .378-0 .231h-  1; ~,1/2: 1 .5-2 .7h) .  

K ey  words: Elimination kinetics - M e t h a n o l  - H u m a n  
methanol  elimination - Ethanol  

Z u s a m m e n f a s s u n g .  Vier mfinnliche Probanden im Alter  
zwischen 20 Jahren und 29 Jahren wurden 10 mg Metha- 
nol pro Ki logramm K6rpergewicht  intraven6s injiziert. 
Die Methanolappl ikat ionen erfolgten einmal bei Etha-  
nol-Niichternheit,  einmal nach vorangegangener  oraler 
Zufuhr  yon 0 ,3g Ethanol  pro Ki logramm K6rperge-  
wicht. De r  Verlauf  der Serum-Methanolkonzentrat ions-  
kurve wurde fiber 5 Stunden (alleinige Methanolzufuhr) 
bzw. 6 bis 7 Stunden (zusfitzliche Ethanolzufuhr)  be- 
obachtet .  Nach alleiniger Methanolapplikat ion folgte 
die Methanol-Elimination einer Funktion erster Ord- 
nung mit terminalen Disposit ionskonstanten zwischen 
0,475 h -1 und 0,259 h -1, entsprechend Eliminations- 
Halbwertszei ten von 1.8 h bis 3,0 h. Nach gleichzeitiger 
Ethanolzufuhr wurde die Methanol-Oxydat ion bis herab 
zu Ethanolkonzentra t ionen yon 0,2g/kg vollst~indig 
blockiert. Nach Erreichen der Ethanol-Ntichternheit  
zeigte die Methanol-Elimination keine Unterschiede im 
Vergleich zu den Versuchen ohne gleichzeitige Ethanol-  
belastung (k: 0.378h -1 bis 0,231-1; tl/2: 1,5h bis 2,7h).  
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Introduct ion 

In recent years, methanol  has taken on a new signifi- 
cance in forensic medicine, as it has done in psychiatry. 
It  is of relevance in the evaluation of congeners for ver- 
ification of statements concerning ingestion of alcohol 
[3] and may play a role in the diagnosis of alcohol abuse 
and alcoholism [13]. Detai led knowledge of the elimina- 
tion kinetics of methanol  in man is necessary for reliable 
interpretation of methanol  levels. However ,  inconsistent 
findings concerning some of the most  important  points 
are quoted in the literature: for example,  some authors 
describe the elimination of methanol  as linear [16, 22, 
23, 27, 29], while others describe it as exponential  [1, 6, 
17, 19, 20], and widely ranging values for the rate of 
elimination are quoted. The possibility has also been dis- 
cussed that the elimination kinetics and rate are depen- 
dent on the order of magnitude of the blood methanol  
level, for example through saturation of the enzyme 
capacity as with ethanol and an increase in significance 
of purely physical processes of elimination, especially 
through the lungs, at higher concentrations [4, 11]. This 
study was under taken to provide further information 
about  the elimination kinetics of methanol  at the lower 
concentrations ( < 2 0 p p m )  usually found in the situa- 
tions ment ioned above. 

Materials  and methods  

The investigations were carried out on 4 healthy male subjects 
aged between 20 and 29 years who were all accustomed to moder- 
ate drinking. The amount of methanol given was chosen to achieve 
a Co value for serum methanol concentration of about 15 ppm. 
This level ensures a sufficiently long period over which the elimi- 
nation kinetics can be investigated, while being well under the low- 
est concentration at which toxic effects can be expected (100 ppm 
[24]) and under the recommended tolerance level for long-term oc- 
cupational exposure to methanol (30ppm in urine, corresponding 
to about 22ppm in blood [12]). The subjects were denied food and 
alcohol for 12 h, after which blood was taken and tested for endo- 
genous methanol. Methanol, at a dosage of 10 mg per kg body 
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weight, was then infused intravenously over a period of 10 rain. A 
1% isotonic solution of methanol specially prepared by the univer- 
sity dispensary was used, its concentration being verified in our 
own laboratories before infusion. The subjects were not put at 
acute risk by the intravenous route of administration, since it is the 
oxidation products of methanol rather than methanol itself that are 
toxic, the rate of rise of the blood concentration thus being of no 
great importance. The next blood sample was taken 5 rain after 
completion of the infusion; subsequent samples were taken over 
the next 5 h, initially every 15 min, then every 30 min, and finally at 
intervals of lh .  

The investigations were continued 2 days later. This time, the 
subjects were given congener-free ethanol at a dose of 0.3 g per kg 
body weight to drink. After the blood ethanol level had started to 
rise, methanol was again infused at a dosage of 10 mg per kg body 
weight. Apart from the oral administration of ethanol, the experi- 
mental procedure was the same as that employed on the first day. 
However, the period of observation was extended to 6-7 h, de- 
pending on the time taken for the blood ethanol concentration to 
fall to zero. 

Great care was taken to ensure that during the investigation 
none of the subjects ate fruit or any other foodstuffs that could 
have led to the ingestion of additional undetermined, but signifi- 
cant, amounts of methanol [10]. 

The serum methanol concentration was determined by gas 
chromatography (Hewlett Packard 5750; Carbopack B 5%), each 
sample being measured four times. Aqueous solutions, where 
appropriate with added ethanol, were used for calibration. The 
blood ethanol concentration was analyzed routinely in the alcohol 
laboratory using the methods set out by the German Public Health 
Department [21]: two measurements were obained enzymatically 
and two by gas chromatography. 

R e s u l t s  

Figu re  1 shows the  s e rum m e t h a n o l  concen t r a t i o n - t ime  
curve ,  p l o t t e d  on  a semi - logar i thmic  scale,  of  Subjec t  A 
af ter  a single dose  of  m e t h a n o l .  The  curve is b iphas ic ,  so 
tha t  an open  2 - c o m p a r t m e n t  m o d e l  can be  a s sumed  to 
app ly  [5]. The  d i s t r ibu t ion  phase  is cha rac t e r i zed  by  the  
res idua l  l ine,  which  is o b t a i n e d  by  sub t rac t ing  the l ine of  
bes t  fit  t h rough  the  po in t s  r ep r e sen t i ng  the  e l imina t ion  
phase  f rom the or ig ina l  da t a  points .  The  d i s t r ibu t ion  
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Fig .1 .  Concentration-time profile of methanol elimination after 
single intravenous injection of methanol (10 mg/kg body weight) in 
Subject A. × = serum methanol concentration (SMC); • = resid- 
ual line; c: = 140.2mg/kg; c2 = 16.9mg/kg; 5L: =2.903h-1; ,~2= 
0.259h- :; tl/2 =2.7h  
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Fig. 2. Concentration-time profile of methanol elimination after 
intravenous infusion of methanol (10 mg/kg body weight) follow- 
ing oral ingestion of ethanol (0.3 g/kg body weight) in Subject A. 
× = serum methanol concentration (SMC); • = residual line; 
+ = blood ethanol concentration (BEC); cl = 185.3 mg/kg; %1 = 
1 2 . 9 m g / k g ;  ~1 = 4.013h 1; Z2 = 0.276h -1, tl/2 =2.5h 

phase  gene ra l ly  l a s ted  6 0 - 9 0  min ,  bu t  was a l i t t le  longer  
in Subjec t  A .  Each  subjec t  cou ld  be  a s sumed  to be  in a 
v i r tua l ly  pu re  e l imina t ion  phase  2 h af te r  the  c o m m e n c e -  
m e n t  of  m e t h a n o l  infusion.  D a t a  pe r t a in ing  to e l imina-  
t ion  kinet ics  we re  ca lcu la ted  only  af ter  this po in t ,  even  
when  the  curve was p rev ious ly  l inear .  

The  e l imina t ion  curves  cou ld  be  i n t e r p r e t e d  in t e rms  
of  bo th  z e r o - o r d e r  kinetc is  (c t  = Co + ~ t )  and  f i r s t -o rder  
k inet ics  (ct = c0e-  kt) bu t  the  m e a s u r e d  values  showed  a 
b e t t e r  fit in all cases wi th  the  f i r s t -o rde r  funct ion  than  
with  the  z e r o - o r d e r  func t ion  ( m e t h o d  of  leas t  squares) .  
The  resul ts  o b t a i n e d  on  the  second  day  of  the  exper i -  
men t ,  as shown be low,  also ind ica t ed  tha t  f i r s t -o rder  
kinet ics  app ly  here .  Thus ,  m e t h a n o l  e l imina t ion  could  
be  a s sumed  to be  exponen t i a l .  The  fo l lowing equa t ions  
were  e s t ab l i shed  for  m e t h a n o l  e l imina t ion  in the  indi-  
v idua l  p robands :  

Subjec t  A :  ct = 16.9 mg/kg  × e -0"259t 

Subjec t  B: ct = 16.5 mg/kg x e -0-325t 
Subjec t  C: ct = 14.8 mg/kg × e -0"406t 
Subjec t  D:  ct = 17.8 mg/kg  × e -0 '475t  

Values  of  0 .70 -0 .86  were  de r i ve d  for  the  d i s t r ibu t ion  
fac tor  r f rom the  co va lues  ( s e rum concen t ra t ions  con- 
v e r t e d  to b l o o d  concen t ra t ions ) .  The  e l imina t ion  half-  
l ife was found  to r ange  f rom 1.5 h to 2.7 h. 

F igu re  2 shows the  resul ts  of  the  second  e x p e r i m e n t  
- the  e l imina t ion  o f  m e t h a n o l  af ter  s imul t aneous  ad-  
min i s t r a t ion  of  e thano l  - aga in  with the  e xa mpl e  of  Sub- 
ject  A .  T h e  se rum m e t h a n o l  c onc e n t r a t i on - t ime  curve 
p l o t t e d  on  a s emi - loga r i thmic  scale is seen  above ,  and  
the  b l o o d  e thano l  c onc e n t r a t i on - t ime  curve ,  p lo t t ed  on  
an a r i t hme t i c  scale using the  s ame  t ime  axis, is seen 
be low.  A f t e r  a 6 0 - 9 0  min  d i s t r ibu t ion  phase ,  the  me th -  
anol  curve  f o r m e d  a p l a t eau ,  which e x t e n d e d  into  the  
end  phase  o f  e thano l  e l imina t ion .  T h e r e a f t e r  m e t h a n o l  
concen t r a t i on  dec rea sed  exponen t i a l ly .  

The  shape  of  the  m e t h a n o l  curve can be  exp la ined  by  
the b lock ing  of  m e t h a n o l  ox ida t ion  by  e thano l ,  which  is 
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exploited in the treatment of methanol intoxication [26]. 
The distribution phase and elimination phase do not 
overlap as they do in the classical 2-compartment model. 
The first part of the curve is determined almost exclu- 
sively by the process of distribution. Methanol elimina- 
tion through the lungs and kidneys - about 1% at these 
concentrations according to Leaf  and Zatman [20] - can 
be ignored, for such short periods of time as can en- 
dogenous production of methanol in the course of inter- 
mediary metabolism, which amounts to far less than 0.5 
ppm/h [2, 9, 14, 15]. The end of the distribution phase is 
reflected in the commencement  of the plateau, which 
represents the concentration when distribution is com- 
plete but elimination has not yet commenced,  and there- 
fore corresponds approximately to the theoretical Co 
value. However ,  in the following it will be referred to, 
more correctly, as Cpl. 

The methanol concentration-time curve was evaluat- 
ed firstly by determination of the line of best fit through 
the points representing the elimination phase, starting 
with the second measurement  after the ethanol concen- 
tration had fallen to zero. The value of Cpl w a s  estimated 
from the mean of the values lying on the plateau of the 
curve, an interval of one value being left for accuracy 
after the end of the distribution phase and before the 
onset of the elimination phase. The point tx on the time 
axis where the elimination line intercepts the plateau 
(Ctx =-Cpl ) was taken as tx = 0. Elimination can then be 
described by the equation ct = Cp~ e -kt. For  the individual 
subjects, then: 

Subject A: ct = 12.9 mg/kg x e -0"276t 

Subject B: ct = 18.0mg/kg x e -0"231t 
• Subject C: ct = 15.3 mg/kg × e -0'378t 

Subject D: ct = 14.5 mg/kg x e -0"300t 

Values of 1.8-3.0 h were calculated for the elimination 
half-life from the above. If Cp~ is taken as equal to Co, the 
distribution factor r would range from 0.70 to 0.97. No 
major differences were found between these results and 
those of the experiment in which there was no prior ad- 
ministration of ethanol. 

The second part of the experiment,  in addition to 
providing information about the elimination kinetics of 
methanol,  gives some indication of the time of onset of 
methanol oxidation during the end-phase of the blood 
ethanol curve. Cessation of enzyme inhibition probably 
occurs approximately at time tx, at which the plateau and 
elimination line intersect. The blood ethanol concentra- 
tion at tx, as read from the ethanol curve, was found to 
be 0.02 g/kg, 0.11 g/kg, 0.00 g/kg and 0.03 g/kg, respec- 
tively, for the 4 subjects. 

Discussion 

Our results show that the elimination of methanol in man 
at concentrations less than 20 ppm follows an exponen- 
tial rather than a linear course, with an elimination half- 
life of 1.5-3 h. These results are well in accordance with 
those of Leaf  and Zatman [20], Kendal and Ramanathan 
[19] and Dutkiewicz et al. [6]. These researchers studied 

the elimination kinetics of methanol by monitoring uri- 
nary excretion of methanol at concentrations of 20-70 
ppm achieved by oral administration. Elimination half- 
lives of about 3h  and 1.5h can be calculated from the 
formulae described by Leaf  and Zatman and by Dutkie- 
wicz et al., respectively. Although Kendal and Ramana- 
than do not give a formula for elimination, the decline in 
concentration illustrated is clearly exponential,  and the 
elimination half-life can be estimated at about 2 h. 

Neither our results nor those of Kendal and 
Ramanathan have provided any evidence that prior 
blocking of methanol oxidation by ethanol exerts an 
influence on the rate of subsequent methanol elimina- 
tion. Acceleration of elimination, as observed by Riet- 
brock [25] at toxic concentrations in dogs after inter- 
mittent administration of ethanol, was not noted. Find- 
ings published by Jones [17] are of interest for compari- 
son here: in this study, the subjects were given alcoholic 
beverages with a high methanol content, producing peak 
methanol concentrations of about 10ppm. Values ob- 
tained for the elimination half-life - calculated from the 
methanol concentration in expired air - were found to 
range from 1.8h to 3.5h. 

Zero-order  elimination kinetics have been reported 
in rare cases of methanol intoxication where neither 
dialysis nor ethanol administration were used as treat- 
ment. Jacobsen et al. [16] described a case in which 
elimination was linear (elimination rate of 85 ppm/h), 
whereas Martensson et al. [23] assumed, without verifi- 
cation, that elimination was linear (elimination rate of 
about 30 ppm/h). Kane et al. [18] presented, without fur- 
ther investigation of the kinetics, 5 concentration time 
curves, some of which appear to be linear and some ex- 
ponential. However,  the initial methanol concentrations 
in all these cases of intoxication were so high that it is 
impossible to draw conclusions from the results about 
the situation at the low levels of interest here. 

Majchrowicz and Mendelson [22] have published ob- 
servations concerning low concentrations in alcoholics. 
Although these authors quote an elimination rate of 
2.9ppm/h,  indicating linear elimination, they declare 
themselves to be in agreement with Leaf  and Zatman 
[20], who had, in fact, described elimination as following 
an exponential course. The 2 curves included in the ar- 
ticle by Majchrowicz and Mendelson seem to indicate 
first-order kinetics. 

Schmutte et al. [27] and Urban et al. [29] both under- 
took investigations of relevance to congener analysis, 
and both reported that the elimination of methanol 
follows a linear course. Schmutte et al. monitored the 
blood methanol concentration after oral ingestion of 
methanol. However ,  only 3 values (including the peak 
value) in the 45 min following attainment of the peak 
concentration were available for interpretation. Even 
disregarding the fact that absorption of methanol from 
the intestinal tract is relatively slow [8, 20, 28], thus 
preventing inclusion in the calculations of the first value 
after the peak of the curve, the experimental design 
allows no conclusions about the elimination kinetics of 
methanol to be drawn. Maximum concentrations of only 
2-4  ppm were achieved by the consumption of alcoholic 
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beve rages  in the  subjects  inc luded  in the  s tudy con- 
duc ted  by  U r b a n  et  al. [29]. Thus  he re ,  too ,  e l imina t ion  
cou ld  be  fo l lowed  for  only  a shor t  pe r iod ,  and  b l o o d  
levels  were  close to  the  e n d o g e n o u s  concen t r a t i on  of  
m e t h a n o l  [7, 9, 15, 17, 27]. I t  wou ld  t he r e fo re  s eem to be  
diff icult  to d raw any def in i te  conclus ions  abou t  m e t h a n o l  
e l imina t ion  kinet ics  f rom these  results .  

In  add i t i on  to p rov id ing  i n fo rma t ion  abou t  the  el imi-  
na t ion  kinet ics  of  m e t h a n o l ,  our  inves t iga t ions  also give 
some  ind ica t ion  as to when  m e t h a n o l  ox ida t ion  com-  
mences  af te r  b lock ing  by  e thano l .  Tak ing  into  account  
var iants  der iv ing  f rom the  e x p e r i m e n t a l  m e t h o d  and  
analysis ,  and  the  g radua l  t rans i t ion  f rom the  p l a t e a u  
phase  to the  e l imina t ion  phase ,  it  is poss ib le  to  say tha t  
m e t h a n o l  ox ida t ion  p r o b a b l y  does  no t  beg in  unt i l  the  
b l o o d  e thano l  concen t r a t i on  has fa l len to at leas t  0.2 g/ 
kg. This  is well  in acco rdance  with  the  f indings of  I f f land  
et  al. [14, 15] and  U r b a n  et  al. [29]. Barz  et  al. [1] re-  
p o r t e d  tha t  m e t h a n o l  e l imina t ion  c o m m e n c e s  at  a b l o o d  
e thano l  concen t r a t i on  of  0 .5g /kg ,  however ,  these  au- 
thors  t o o k  b l o o d  samples  at  in terva ls  of  2 h, c o r r e s p o n d -  
ing to a change  in b l o o d  e thano l  concen t r a t i on  of  a b o u t  
0.3 g/kg, so tha t  this obse rva t i on  is l ike ly  to be  assoc ia ted  
with a wide  marg in  of  e r ror .  
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