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A. THE MONOVALENT ALCOHOLS
1. THE SATURATED MONOVALENT ALCOHOLS

.t The moﬁovalent alcohols are characterized by the chemical formula

ROH. They have irritant and narcotic properties which, as will be

-shown, vary with their chemical configuration and their physico-
. chemical propertles. The lowest member of this series is methyl
alcohol.

a. Methyl Alcohol

.Chemical characteristics—Methyl alcohol (methanol, wood alco-
hol, wood spirit, Columbian spirits), of the formula CH,OH. has a

.'molecular weight of 32.04' and the specific gravity 0.792 at C

It solidifies at —97.8° C. and boils at 64.7°.C.; its refractive mdéx is
© 1.8288 at 20° C.; it i8 & colorless fluid with an aromatlc odor; m_ad 1t is

lmsclble in all proporuons with water, alcohol, and ether. :

~ According to Coward and Jones (1939) the lower limit of inflam-
mability of methyl alcohol is: with upward propagation of the flame
5.5 to 7.10 percent; with horizontal propagation 6.40 to 7.9 percent;
and with downward propagation 6.80 to 8.0 percent; the correspond-

" ing values for the upper limit of inflammability being 21.0 to 365
- percent, 13.5 to 30.5 percent, and 26.5 percent.

The ignition temperature in an atmosphere of air is 470° C.

N (Thompson, 1929).

Ordinary methyl aleohol, as prepared by distillation of wood, may

_.contain such impurities as acetone, methyl acetate, dimethyl acetate,
" furfural, allyl alcohol, homologues and condensation products of
- ncetone, oily bodies, and other compounds (Baskerville, 1913). Syn-
", thetic methyl alcohol is usually of a high degree of purity but may
- contain traces of formaldehyde, acetone, and amines (Browning, 1937).

According to the biennial census of manufacturers, 1937-1, as pub-
lished by the United States Department of Commerce, Bureau of the

- Census, the productlon of synthetic methyl aleohol increased from
... 8,793,000 gallons in 1935 to 81,606,320 gallons in 1987, which illustrates
N the wide industrial use of this material, Ascordmg to Chemical and .~

Matallurgml Engineering (49: 78, 1842) the production of synthetic -

_ 'methanol in 1941 surpassed that of the preceding year by nearly 25

_ bercent or approximately 10,000,000 gallons:

. 3Unlesa otherwhe otated the pbyslco-cbenﬂal data are quoted from Lange's Bandhoot
" of Chemistry, Handbook Publighets, Inc., S8andusky, Ohlo, 1841,

1)



- Uses.~Large quantities of methyl alcohol are used in the manu- .
fa.ctmje.of formaldehyde and formic acid, irr the synthesis of methyl -
compounds, in the varnish and lacquer industry, and as a solvent for -

- regins, and it may, therefore, be met with in the manufacture of ar-

tificial flowers, in the hat and shoe industries, in the varnishing of vats -
in breweries, and in the polishing of furniture. It is also used asa

 éleaning agent for many purposes, as an admixture in motor fuel, and

as an antifreeze in radiators. It is added to industrial ethyl alcohol -

a8 a deneturing agent..
-completely oxidized to carbon dioxide by heating with 2 solution of &
gm. of potassium bichromate in 80 cc. of sulfuric acid (1:2) in contrast
_ to the behavior of ethyl alcohol which is oxidized to acetic acid. .
. Methyl aleohol may best be identified and distinguished from ethyl
‘ 'alc’ohol by the relation of its refraction to its specific gravity, as
- pointed out by Gettler (1920) who refers to the publications of Leach
and Lythgoe (J. Am. Chem. Soc., 27:-964, 1905 and U. S. Dept. Agri.
- Bur, Chem. Bull. No. 107, 100,1907). -~ S : S

.. It may be identified by the following chémical reactionss’ 1 C

L Most commonly, methyl alcohol is oxidized to formaldehyde by

. oxidation with potassium permanganate. The formaldehyde formed
. igthen identified by other reactions. Forty-six such tests were studied
by Gettler (1920) who considered seven of these (listed in table 1) as

the most relisble and most sensitive, the sensitivity of the first five

. color reactions being 1:200,000. The last two quoted in the table were
-more specific but less sensitive, = °

2 -Methyl aleohol may bga_transfotmed to‘methyi_iodid.e by heating
. with redsphogphofus and jodine. The methyl iodide is distilled off
and heated with silver nitrite, and the resulting nitromethane, when

| 111:;;& with ammonis and vanilline, yields a red color (Rosenthaler,
: , ‘Table L—Tests for the identification of methyl alcohol
* [Gettler, 1920)

Test . o : Reference |

. Phenylhydrazine—~ferrie chloride—hy- | Vitall, D,: Ohem, Zontr,, 2: 135, 1808,

L} em, 2%30: 688, 1008,
o . gﬁ"’mﬂff’-’%’:‘i ér..grzéuz,lm.'
| - Phenylhydrastne—sodium  nitroprus- Samaaial;)va:::l'—eq » 1+ 1163, 1898,

sidé—sodiom hydroxide, Aweng, E.: Apoth, Zig., 17: 159, 191 5

o, . R n;bag? . Jona? Otigm. Zeuts. 1+ 1147, 112.

A acld.. Bomm,l am.Z%, ut_ll’ﬂ. 1012, L .
:PWmomm-uumﬂamcwm“ e Wol, H.: Chem, Zig., 43: 1919, . el

| Pepton-slertlo chlortda.................| Ealkowa], E.: 2, Untarsueh. Nahrungs, u, Genusmittel, : 203,

F ' - vin A N r A | . y i ‘ , L

_ Roduwl fuchsln&-—sulmm : . acid... .. Danlzés.. gr Pﬁ&%mﬂ. &ol,, 90z 529, £32, 1010; Bull. soe.”
Snaphthol—hydrochlorly seid.... allihin, 6, P.: A Tiothod for the identifieation

R . T Moom unds. "New York and Londen !:ﬁ,lololrw“ ¢
| Hezamethylene~-marcurlo ohloride... .. Romng? Q.: Chem, Zeutr.; 2¢ 257, 1805, T )

- Identification of methanol.—A. B-percent solution' of methanol is .

. 3
i
8. Methyl alcohol may also be identified by oondensa'tion with
certain organic acids (Rosenthaler, 1923). .
Treatment of methyl alcohol with sodium hydroxide and brom-

" benzoyl chloride.yields crystals of a p-brombenzoic acid methyl ester
_ which have an anise-like odor and melt at 77° to 78° C.

Heating methyl alcohol with anhydrous -oxalic acid yields the
crystalline ozalic acid methyl ester with a melting point of 54° C.
4. The heating of methyl alcohol with sodium hydroxide and hy-
droxylamine hydrochloride and subsequent acidulation with sulfurie
acid yields hydrocyanic acid which is distilled off and identified by

, the Prussian blue test or by the ammonium sulfocyanide test. In the

opinion of Gettler (1920) this test ranks among the best tests for
the identification of methyl alcohol.

5. According to Kollo and Crisan (1932) methyl alcohol miay be
distinguished from ethyl alcohol by the formation of characteristic
compounds of their aldehydes with methone (5,5'-dimethyl-dihydro-
resorcinol), these compounds differing with regard to their crystal-

- line structure, melting point, and temperature of sublimation,

~ Methyl alcohol is usually determined by the procedure of Deriigds:
(1910) which is based on its oxidation by permanganate to formal-
dehyde and the identification of the latter by Shiff’s reagent. He
pointed out that this reaction is improved by the presence of ethyl
aleohol which results in the formation of formolacetal which reacts
very promptly with the fuchsin reagent. This method was modified
by Elvove (1917), Chapin (1921), Wright (1927), and Jephcott
(1935). .

The Official and Tentative Methods of Analysis of the Association
of Official Agricultural Chemists (1940) gives the following pro-
cedure for the determination of methyl alechol in the presence of

“ethyl alcohol:

Determination:

Reagents:

Solution A.—~Methyl aleoho), 25 percent by volume (%01 percent). .

Solution B~~Mix 20 mL of solution A and 95 mlL of absolute ethyl aleohol
(or equivalent in ditute alcohol) with H,O to volume of 2 Hters. Make
all trapsfers and dtlutions at 20° G, )

Puchsin—sulfurous actd.—Dissolve 0.2 gm. of fuchsin in 120 ml of hot
H,0, cool solution and add 2 gm. of Na.S0, to 20 ml. of H,O0. Mix, add
2 ml. of HCl and ditute to 200 ml. .

a. Total alcohols.—~Measure at room temperature (20° C.) 25 ml. of sample,

© add 90 ml. of H,0, neuntralize to Itmus with G percent NaOH, distill, and

dilute volume of distillate to 100 ml. at same temperature as noted whem

original aliquot was measured. Determine total alcobol {as ethyl alcohol)

from the gpeclic gravity of distillate in usual way and .estimate percemtage
of alcohol In original eolution by meang of proper dilution factor. Test a
portion of this distillate by the U. 8. P. test for methyl alcohol. taking
precaution to determine that HCHO, as sach, i3 not present. If methyl alcohol
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is: preaent transfer 10 ml. of dlstillats to a separator, add 40-ml of satnrated
‘salt solution, shake with 25 ml. of petroleum benzine, and draw off the aqueous
salt solntion Into distilling flask. Wash the petroleum benzine In the separa-
tor wlth two 10 ml. portons of saturated salt solution adding these to the
portion already in distilling fleek. = Distill, recelving dlstillate in & 60 mL
- graduate fiagk. - Calenlate quantity of ethyl alcohol to add to thig distillate
to. make- & 5 percent solution of total aleohol (essuming it to be all ethyl
‘ alcohol) ‘when meade up to 50 ml, add this calenlated amount, and make up
to & volume of 50 mi. Transfer § ml. of thig distillate to s 200 ml volmnetrlc
' ﬁask for color comparison with standards,

b G’olor atendards.—Transfer to 200 ml. volumetrie flasks a series of ali-
quots, 05 1.0, 1.5, 2.0, 25, 3.0, 8.5, 4.0, 45, and 5.0 mlL of solution’ B, nddlng
- 45; 4.0, 8.5, 3.0, 25, 2.0, 1.5, 1.0, 0.5, and 0 ml., respectively, of 5 percent ethyl
alcohol. (These amounnts  of methyl alcohol represent percentages in orlglnal
unknown sdlutlon when unknown is deducted as outlined above.)

- e. Methyl alcohol.—To ench of the standards and to the unknown add 1 ml. of

H.PO, (14+1) and 2 ml. of 3 percent KMnO, solution and allow mixtures to stand
10 minntes. Add 1 ml. of 10 percent oxalic acid solution and allow mixtures to
_stand until clear or tranaparent. Add 5 ml of H.80, golantion (1-+43) and 5 mi,
 of .the freshly prepared fuchsin-sulfurous acld mirture and allow solutlons to
stand 1345 hours. Dilute to 200 ml, mix thoroughly, and transfer equal quan-

-, titles to a serfes. of test tubes of uniform:color and diameter for color comparisgn. :
’ Gompare thé unknown with the standard which it most néarly approaches In color’

intensity, approximating intervdls less than 0.5 percent if desired. The value
obtaloed represents the percentage of methyl alcohel in orlgingl sample.

“In the T. S. Pharmacopoem XIT (1942) the fo].lowmg test for

mbthyl ilcohol is given:
i 1 drop of the distiilate add 1 drop of dilate phosphoric acid (1 in 20} and 1

drop’ ‘of pomsslum permangnnate solution {1 in 20). Mix, allow to stand 1

_minnte, and add sodlum bisnlfite solution (1 in 20) dropwise umtil the permanga-

nate color is discharged. If a brown color remains, add 1 drop of the diluted

7 phosphoric acld.” To the colorless solution add 5 ce. of freshly prepared chromo-
) troplc acid T. 8.2 and heat in & water bath for 10 minutes at 60° C. .

“In the presence of methyl alcohol & violet color appears.

" .According to Chapin (1921) carbohydrates, glycerol, formic and -
-~ ncetic acid, formaldehyde, and benzene ghould be removed prior to

.. the determmatlon of methyl alcohol but amy] alcohol and acetone are
sald to be less liable to interfére with the determination.
... The determination of methyl alcohol in air.—There appears to be

no standard method for the determination of methanol in air. Acker-
" bauner and Lebowich ' (1942). worked out the follewing procedure for -

the determination of methanol and formaldehyde. Five or ten liters

of the air is sampled at the rate of 1 liter per 25 minutes by means -

- of'an’ aSplrator through a train of 8 wash bottles. The first of these
contmns & mixture of 75 ce. each of a 1 percent solution of phosphonc

'. -acid and of & 2 percent solution of barium chloride to remove sulfur
- dioxide and formic and acetic acid which may. be present in the aifr. -

: The gecond wash bottle’ conta.ms 200-cc. of an alkaline § percent solu-
. .._—..L—.——-

s Chomotreple tost aolutlon Dissolve 50 mg. of chrofhotrople acdd or- ita sodinm sait

- (1 Sdlhydromayntha.laha-s,e-djml!onlc ada) in 100-ce, of 76 percent sulfurc acld. . X

5

tion of potassium permanganate which absorbs and oxidizes methanol
to formaldehyde. The third wash bottle contains 225 cc. of modified
Schiff’s reagent. The methanol in the second sbsorber is determined
aceording to Wright’s methed (1927) and the formaldehyde in the
third absorber according to the method of the same author. A fonrth
absorber containing 200 cc. of a 2 N sodium bisulfite solution for eol-
lection of any formaldehyde which may pass throngh the third wash
bottle may be omitted, because under the conditions outlined only
negligible amounts of formaldehyde escape absorption in the third
wash bottle. In this solution formaldehyde may be determined by
titration with sedium hydroxide, wusirig rosolic acid as indicator.
Lockemann and Croner (1814) absorbed the vapors of methyl alcohol

- and formaldehyde in water and determined first the formaldehyde

by means of hydroxylamine hydrochloride and then the methyl
alcohol together with the formaldehyde by oxidation with potassium
permanganate, decolorization with oxalic acid and titration of the ex-
cess of the latter with 14 N potassium permanganate; the difference

. between these determmatlons glvmg -the amomnt of methyl alcohol in
" the mixture, h

The determination of methyl aleohol in blood.—Methyl alcohol in
blood may be determined by Widmark’s method for the determination
of ethyl alcohol with slight modifications, as shown by Neymark
(1936). In the determination of methyl alcohol 0.05 N solutions of
sodium bichromate should be used for concentrations up to 2.5 per -
thousand and 0.1 N solutions for econcentrations from 2.5 to 5 per thon-
sand. The temperature of the water bath should be raised to 70° C.
and the duration of the oxidation should be extended to 214 hours.
It appears, however, questionable to what extent this method can be
considered as gpecific for methanol.

The absorption, distribution, fate, and elimination of methyl alco-
hol in the organism.—In most poisonings from methyl alcohol the ab-
sorption takes place in the gastro-intestinal tract following its

mgestlon as & beverage. However, it may be absorbed through the . .
‘lungs in sufficient quantities to cause toxic and even fatal effects, as
.ehown by Loewy and von der Heide (1914) in rats, by Bathem (1927)

and Weese (1928) in mice, by Witte (1931) (quoted from Flury and

* Zernik, 1931) in cats, and by McCord (1931) in different species of

s.mmals Sayers, Yant, Schrenk, Chornyak, Pearce, Patty and Linn
(1942) found that with daﬂy exposure to 450 to 500 p. p. m. of methyl

" alcohol in air the methanol level in the blood of dogs was from 10 to 15

mpg. per 100 ce. Lowey and von der Heide (1914) stated that fat am-

- mgls absorb less methyl alcohol than thin ones in accordance with the

. low partltmn coefficient I:e which for methyl alechol is 10?} 3 and
they determined in rats the methyl alcohol content of the body after
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inhalation of various concentrations of methyl alcohol in air for dif- ‘,
ferent periods of time (as illustrated in fig. 1}. This figure shows

that with inhalation of low concentrations the equilibrium of methyl
aleohol in the body is complete within 2 hours, but that with higher
‘concentrations considerable time may elapse before an equilibrium

o ‘is'reached. They found in rats that the percentile amount of methyl
-gleohol absorbed through the lungs decreases with the concentration

{. i., with exposure to concentrations of 0.2 percent aproximately 50
to 80 péreent was absorbed, with concentrations of 0.48 percent the
absorption was only 30.8 to 42 percent, with 0.83 percent in air it was
94 percent, and with exposura to 2.25 percent it was only 13.3 percent.

ACCUMULATION OF METHANOL IN THE BOOY OF RATS
FOLLOWING INHALATION

;%
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¥igunn 1,—This figore {llustrates the acemmulation of methyl alcokol fn the body of rats
_following Inhalation of various concentrations of methanol in alr. (Redrawn from
Loewy and von der Helde, 18914.)

. Opinions regarding the absorption of methyl alcohol through the
‘skin ‘are quite contradictory. McCord (1981) and Sander (1933)
“claimed that in animals methyl aleohol is readily absorbed through
. the skin, and the former stated that for rats, rabbits, and monkeys,

0.5 cc: per kg, body weight may be fatal when applied to the shaven

skin under conditions which prevent evaporation. On the other hand,,

Rost and Braun (1926) saw no toxic effects in rabbits and cats al-
, though methyl alcohol was absorbed, as indicated by its presence in
-the urine,
... According to Neymark (1936) the distribution of methyl alochol
. nm the organism follows the same law s that established for ethy]
. _aleohol with the exceptmn that intake of food is less liable to interfere
_with the concentration in the blood. Yant and Schrenk (1937)
. stated that following inhalation and oral and subcutaneous admin-
" istration. the distribution of methyl alcohol is very rapid and that
"~ the amount in various tissues corresponds closely to their water con-

7 "
tent. They found no evidence of selective accumulation, retention,

" or predilection, and claimed that the methyl aleohol content of the

body may be estimated from its concentration in the blood. Nicloux
and Placet (1912) determined the methyl and ethyl alcohol content
of various organs at the time of death, after the administration of
single doses (as given in table 2), and this appears to corroborate
the statement of Neymark (1936). This also shows that in compar-
ison with ethyl slecohol the amounts of methyl aleohol isolated 24 and
48 hours after the administration are relatively high, as pointed ont
by Pohl (1918). Marinesco, Lissievici-Draganesco, Draganesco and
Grigoresco (1929) found in 1 experiment, on the twenty-ninth day
of continued daily oral administration of 4 cc. per kg. of methyl
alcohol in the form of a 10 percent solution, practically identical
values in brain and liver (0.539 and 0.524 cc. per 100 gm. tissue),
whereas in another expenment the concentration in the liver was
slightly lower than that in the brain, being 0.32 as compared with
0405 cc. per 100 gm. of tissne. It should be pointed cut that in
both gnimals the methyl alcohol .content of the eyebell was higher

‘" than thét of the other organs mentioned, and similar tesults were -

reported by Yant and Schrenk (1937) who determined the concen-
tration in various organs, as given in table 3. '

‘ Table 2—Distribution of methyl and ethl alcokol in various organs of rabbils

affer intravenous adminiatration
[Nicloux and Placet, 1912]

Ce. In 100 gm. of tisste
Dosa :
ek, |
Blood Brain Liver | Kidney | Muasele | Urine
Methyl aloohol ________________ 128 2.55 a.28 .58 1.4 0.7 [ §. ]
Ethyl sleohol..o..onovmvem e 7.3 1.8 239 1.93 1.6 P - S

With regard to the fate of methyl alcohol in the organism, most
students of the subject (Joffroy and Serveaux, 1896; Bongers, 1895;
Véltz and Dietrich, 1912; Niclouz and Placet, 1912; and Flury and
Wirth, 1936) agree that methyl alcohol remains in the organism longer

* than ethyl alcohol, that its oxidation is slower, and that its elimination

is delayed. According to Widmark (1933a), methyl alcohol is me-
tabolized about 5 times as slowly as ethyl alcohol, the factor 8 for rab-
bits being 0.0008 for methyl alcohol (as determmed by Bildsten) and
0.0042 for ethyl alcohol (as determined by Olow). Based on this fac-

'tor the maximal amount of methyl alcohol metabolized by a man of .

70 kg. body weight would amount to only 34 gm., which illustrates
the possibility of rapid accumulation and delayed toxic éffects. In

K addition to the slow oxidation the toxicity of methyl aleohol is greater

than that of ethyl alcohol because the oxidation products, formalde-
hyde and formic acid, are both toxic agents.
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y Tnbla 3,—Beluttve diatrlbufion of methanol in tissues aend l!nida of dogs

' expoged to methanol vapors in air
P:mmi om tho basis of 00, chosem to represent the amovnt found tn the blood. (Yeut and Bhrent, 1037)

4,000p.p. m. 4.0001:.9 th, 15.ooonp.n lls.cm:).p.m.
132 houra. aza 24 hours. .
Immadiate- ‘Wit, in I Immedlnte- 48 hours
onr- ly later.
Averadeof | Aversgeof - | Averagaof Values of
2 dogr 2 dogs # dogs 1 dog

100.0 - 100.0 100.9 100.0
100. 5 1268 | o 134 2
t1g8.2 120.2 83.9 1910
0.3 03,2 188. 4 2140.3
112.1 1081 0.8 £125.8
2.8 5.9 ki 05 T IS

- 839 88 & 165.8 £8,

82.4 | . B8.8 5.0 88,

20,9 00.4 64,1 7L

23.3 B83.7 649 89,

8.2 88.7 64.4 Tl

Tl 28.8 a3, 4 83,

71.8 7.7 3.7 B8,

7.5 .8 84.9 a3,

70.1 76.9 171 £9.

| IR . 7.2 88,

a1, B, 78.5 1425 105.

7L 8 78.3 .49.3 83.

751 7.1 T 49,2 T

84,6, 78.7 191 43.

1629 - 78.2 . BLB® . 71
kdp.0 | - T IN J S I i
"39.2 | 39,4 a1 D42
Adlposo tlmue, Intﬁtlnnl._ ..................... 17 11.2 1.0 11.2

1 Determined o 1 dog only
"Excmtory argbns.

The statement that the toxxclty of methyl alcohol is partly due to the
- formation of formaldehyde has often been questioned and many in-
" vestigators, as Scott, Helz, and McCord (1933), were able to isolate
- methyl alcohol from various organé but failed to detect formaldehyde.

g ' This- should not be sumnsmg because even after the injection .of

fbimaldehyde_solutions into tissues formaldehyde can be detected
“only in the tissue immediately surrounding the site of injection and
- for a short time after the administration, as was shown by- Gianelli
X (1900) and McGuigan (1914). The main reason for this is that

i formaldehyde reacts very promptly with proteins, 2s was shown by

J Blum (Brunntaler, 1913), Sollmann (1902), and others, and there- -
.. ¥ fore ca.nnot be determined. It is only exceptionally that conditions -
4 emst wh::ch allow the detection of formaldehyde. Pohl (1893) found

in one- expenment an indication of formaldehyde formation. But

Schrobback (1981), working with Keeser (1981b), showed that in the

o wtreoua humor of calf eyes methyl aleohol is oxidized to formaldehyde, '
- ‘a.nd the latter may be detected with an alkaline solution of phloroglu- -
cmol (1 percent, phloroglucinol in .10 percent sodium hydroxide).
. Keeser (1931b) was able to demonstrate free formaldehyde in the ab- - .
dominal fluid of rabbits during certain phases of methyl alcohol poi-
‘- soning, In addition, Keeser and Vincke (1940) showed that under
-+ the proper conditions horse liver pulp may oxidize methyl aleohol to -
Schrobback (1931) showed further that formalde- '

- formaidehyde

N AWERRANORIWNIBAROD

b

hyde formed in the vitreous humor could be condensed with ammonmm
carbonate to form hexamethylene tetramine.

‘The formaldehyde formed from methy] alcohol is further oxidized
to formic acid. Pohl (1803) showed that, following the administra-
tion of methyl alcohol, dogs and rabbits excrete formic acid, the maxi-
mal excretion occurring on the fourth day after the administration;

and Rost and Braun (1926) noted the maximal formate excretion on

the second and third days. Pohl (1893) determined the formic acid
content of the blood as 0.4 mg. per 100 cc., of muscle as 0.5 mg. per 100
gm., of the kidney as 34.5 mg. per 25 gm., and of the lungs as 0.44 mg.

per B0 gm. This evidently indicates that formates are not stored in .

the body. The increased excretion of formic acid following adminis-
tration of methyl alcohol was also demonstrated by Hunt (1802) and
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Frouan 2.—This Ogure illustrates the eliminatfon of methyl and ethyl mlcohol from the
blood of rabbits following Ingestion of § ec. per kz. body welght of thewe alcohols in
10 percent solotion. (Redrawn from Nicloux and Placet, 1912.)

by Kajizuks (1985), and following inhalation of methyl alcohol

vapors by Bachem (1927). Klauer (1939} pointed out the importance

" of formic acid determinations in the urine for the diagnosis of methyl

aleohol poxsomng, and stated that concentrations of 100 mg. and more
per 1500 cc. of urine are indicative of poisoning from methyl aleohol

" or certain other methyl compounds. Asser (1914) found that in dogs

and rabbits the administration of ethyl and amyl acetate and of ace-
tone following administration of methyl alcchol decreased the forma-

* tion of formic acid in the urine, but he was unable to give an explana-
~ tion of this phenomenon. According to Leo (1927), with continued
" administration of methyl alcohol the excretion of formic acid is de-
creased but evidently this is not due to 2 more complete oxidation but’
ls posmbly caused by s greater excretion of unoxidized methanol. '

' As illustrated in figare 2, Nicloux and Placet (1912) showed that

~ the’ elimination of methyl aloohol from the blood stream of rabbits
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occuré “fuitch ‘more slowly than that of ethyl alcohol, and the same
holds true to an even greater extent for dogs, in which 120 hours
- wetre réquired for complete elimination of methyl alcohol from the
blood.: Aocordmg to 'Widmark and Bildsten (1924), following its
" jntravenous injection methyl alcohol disappears from the blood of
rabhts at & certain rate which is independent of the concentration.

. A# shown by Neymark (1986) the rate of dissppearance of methyl-
" aleohol - from the blood is about 10 times as.xlow as that of ethyl

.’ -aleéohol -but this can be speeded ‘up ‘by stimulation of the oxygen

metabohsm, a8 by the administration of 1,24-dinitrophencl.
. " Pohl (1908) and Cushny (1910} stated that, following intravenous
injection, only fraces of methyl alcohol are exereted through the

+ lungs. ' Voltz and Dietrich (1912) found that sfter administration ]
- of 2 cc. per kg. to dogs, 153 percent of the amount given is excreted

| within. 24 hours, 13.8 percent being exhaled and 1.5 percent being -
- axcreted with the urine. During the subsequent 24 hours an addi-
.tional 7 percent was exhaled and 1.5 percent eliminated through the
. kidneys.  During the entire period of 48 hours following the admin-
istration; 24.3 pérceiit of the dose ‘admitiistéred was’ excretéd and
86.8 percent could be recovered from'the orgamsm so that mt.hm

48 hours only 39 percent of the total quantity given had been oxi- -

dized in the organism. That the elimination of methyl alcohol with
the urine is slow was already found by Joffroy and Servesux (1898)
and mpre recently confirmed by Rost and Braun (1926) who stated.
that after administration of single doses to rabbits, methyl alcohol
‘conld be detected in thé urine for 4 days, the maxlmn.l excretion
occumng on the second day. According to Véltz and Dietrich ~
+ (1912). the elimination of methyl alcohol from the body may be'

speeded up by exercise, incrensed respiration, increase of body tem- .

'_pea'ature (dmphorems), and the administration of diuretics. :
" The general towicological character of methyl alcohol—In ]udg
ing. the  toxicity of .methyl elcohol it has been claimed that . tomc

_reactions observed with certain brands of ‘methy] aleohol should he Yy

credited to impurities. rather than to the aleohol itself. » Ohlemann .;
(1902) believed that its toxic effects on the eye were caused, at, least ;!

in part, by contamination with furfural, and Tgersheimer md Ver-

zr (1918) . thought . they . were partly caused by fusel oils.. But

: E:sanberg {1917) found no appreciable difference between the tox: a_;i

“joity of methy! alcohol prepared by distillation of wood and Colum
"bian spirits; and Reif (1928) analyzed semples of methyl alecholy
g the mgestlon of which had caused severe and fatal poisonings, with.’
+ out finding evidence that impurities, such as allyl aleohol, dunethyl
.'sulfate,, and others were responsible for the toxic action. Hunt:
- (1925), Bertareﬂl (1932), and ‘Alder, Buschke and Gordonoff (1948)
showed that wood alcohol and synthetm methyl aleohol are of the,

‘11

~ same toxicity. It appears, therefore, that the toxic effects dmribed

in the following are inherent properties of methyl alcohol and
should not be credited to impurities. -

In judging the potential hazards resulting from the absorpt.ldn of
methyl alcohol one has to distinguish between the toxic action which, '
a8 will be shown, is largely dite to its metabolites, and the narcotic
action which is the characteristic effect of alcohols. The narcotic ac-
tion of methyl aleohol is less than that of its higher homologues, this
being possibly explained by its low solubility in oils, fats, and lipoids
and by its greater mscxblhty with water, and for this reason its affin-
ity to and accumulation in certain organs is of a different order than
that observed with the higher homologues. The toxicity of methanol
is greater than that of ethyl alcohol on account of its less complete and
slower oxidation, which results in the formation of more toxic meta-

 bolites and the accumulation of methyl aleohol in the organism. For

this reason, continued exposure or repeated fractional doses may be
more toxic than single doses.

"The antiseptic. aotion of methyl aloohob—f[:he ant:sept:c action of

"::methyl alcobiol is not very merked. Buchrier, Fuchs and Megele -

(1901) found that 10-and 80 percent solutions do not kill brewer’s
yeast after contact for 1 hour, and 60 and 100 percent solutions were
required to kill staphylococcus pyocyaneus aureus, bacillus typhi, and
bacillus pyocyaneus. Whitniey (1912) found methyl alcohol less toxic
than ethyl aleohol as judged by the rate of reproduction of rotifera.
Bokorny (1911) found that methyl alcoh?:%my even be uti]ized by

* algae and bacteria as a source of carbon.

- Methyl alcohol vapors have a more or less marked irritans effect

. on the mucous membranes of the eyeandoftheupperreapsratory
- traet.” Tyson and Schoenberg (1914) noted a copious discharge from,

.the noses and mouths of animals exposed to vapors of methyl aleohol.
- Flury and Wirth (1984) stated that concentrations of 10 mg. per liter

. (7,840 p. p. m.) canse only moderate irritation and with concentrations
., of 90 mg. per liter (68,760 p. p. m.) the irritation is intolerable; and
. according to Lehmann and Flury (1988) prolonged exposure to con-
.- centrations of 65 mg. per liter (50,000 p. p. m.) cannot be tolerated.

- The tomicity of mtkyl aleohol for animals—In judging the toxicity |

tj_',-'.mf methyl aleohol it is generally found that fractional doses are more
.. toxic than single doses but that in contrast to fractional: doses, in

single doses methyl alcohol is less toxic than ethyl aleohol, as found

7 by Baer (1898), Hunt (1802), Langgaard (1912), Nicloux and Placet
5 :(1912), Rost and Braun (1926), Hufferd (1932a), and others. Rost
l ' and Braun (1926) claimed that the toxcity of methyl alcohol varies.

mth different species, depending on the development of the central
narvous system, and according to Scott, Helz and McCord (1983) rats
s are very susceptible and rabbits qu:be resistant.






























