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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,
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~ 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.



The mmlmal fatal doses of methyl alcohol with oral admmlstrntmn
ha.s been given by various investigators as follows:
. For mice, 10.5-12 cc,, Weese (1028).
4% " ‘¥or rabbits, 88 ce./kg., Dujardin-Beaumetz and Andlsé (1875)
" " Fot rabbits, 14 ce/kg., Langgaard (1918). )
. .For rabbits, 13 ecc./kg., Rost and Brauh (1928).
.For dogs, 8 cc./kg., Haskell, Hileman and Gardner (1621).
Wlth intravenous injection the minimal fatal dosa has been
. stated as: :
. For frogs, 5.8 cc., Sammartine (1838¢).
For rabbits, 20.1 ce./kg., Lehman and Newman (1937h).
-For rabbits, 18.1 ce/kg., Nicloux and Placet (1812),
.. For cats, 59 cc./Eg. Macht (1920).

The minimal fatal dose for monkeys with absorpt.mn through the
skin (if ail loss by evaporation is prevented) was estimated by MeCord

(1981) as 0.5 cc. per kg.
. The minimal fatal concentration of methyl alcohol vapors in air

has been given for mice with exposure for 3 to 414 hoirs a5 0.4 t0 0.6

© ¢, per liter’ (242,000 to 363,000 p. p. m.) by Weese (1928) ;and for rats
~ and rabbits with exposure for an unknown number of hours as 0.0071

mole per liter (176,000 p. p. m.) by Bachem (1927). Witte (1931)
(quoted from Flury and Zernik, 1981) found the minimal fatal con-
. centration for cats with 314 hours’ exposure to be 380 mg. per liter
© (290,000 p. p. m.). With longer exposure the minimal fatal concen-
. tration is naturally much lower. Loewy and von der Heide (1914)
found that rats die after exposure to concentrations of 41.5 mg. per
Liter (corresponding to 31,600 p. p. m.) for 10 to 20 hours, and with
shorter exposure (G‘hdurs') animals may die after several days, as
found by Witte (1981) (quoted from Flury and’ Zernik; 19381) in

cats with exposure to 97.1 and 224.3 mg. per liter (corresponding to-

74,000 and 160,000 p. p. m., respectively). Sayers, Yant, Schrenk,
.. Chornysak, Pea.rce, Paity, and Linn-(1942) saw no sngmﬁcant toxic
- bffects in dogs exposed daily for 8 hours for 879 days to concentrations
_0f 450 to 500 p. p. m. of methanol in air.

\a( ~ Féré (1894b) found that the injection of imethy} aleohol into fertil-

.1zéd egps gives a higher inéidence of malformation than observed with
- ethyl alcohol.:. Sollmann (1920) noted that continued administration
- of § percent methyl aleohol as drinking water to rats caused a con-

‘. giderable decrease of weight and, finally, death. The administration -

" of 2.5 percent solutiohs was :Eound to inhibit growth, this effect being

/" more marked than that obsérved with 10 percent: solutionsof ethyl
e alcohol .’ Elhardt (1982) found that the injection of from 0.15 to
" 025 ce. of & 40 percent solution of methyl aleohol into the ¢rop of |

- growing chicka over . period of 2 months had a definitely injurious -
Smaller. doseg than these had a less

-, offect. -on g;owth and vigor.

\

marked effect but affected unfavorably the growth of feathers, the
development of the comb, and the general disposition of the chicks.
The effect of methyl alcohal on the central nervous system of animals
was first studied by Poincaré (1878) who noted temporary stagger- -
ing and attacks of hyperexcitation in animals kept in an atmosphere
containing methyl alcchol for 8 to 16 months. Joffroy and Serveanx
(1896) observed, in experiments with dogs, motor and sensory dis-.
turbances and changes of the body temperature and the respiration.
Tyson and Schoenberg (1915) found that exposure of rabbits, dogs,
and monkeys to high concentrations of methyl alcohol cansed loss of
consciousness, loss of pupillary reflexes, slight constriction of the
pupils, and death. Macht and Leach (1929) studied the behavior
of rats in a maze and found that methyl alcohol causes less severe
depression of the central nervous system than ethyl aleohol. Accord-
ing to an and Newman (1937b) the anesthetic dose for rabbits
with intravenous injection is 10.5 gm. per kg., methyl aleohol being
about one-half as effective as ethyl alcohol. Loewy and von der Heide
(1914) studied the narcotic action of methyl alechol in rats and dogs -

. and found that it is not very marked, as illustrated in table-4. This ~

wag confirmed by Flury and Wirth (1934) who found that the nar-
cotic action of methyl alcohol is weaker than that of methyl acetate,
and by Mashbitz, Sklianskaysa, and Urieva (1936) who found its nar-
cotic action to be inferior to that of acetone. In the experience of
Flury and Wirth (1934) concentrations below 170 mg. per liter
(130,000 p. p. m.) cause, within 6 hours, only moderate narcosis in cats.

' Witte (1931) (quoted from Flury and Zernik, 1931) studied in cats .

the effect of inhalation of various concentrations of methyl alcohol
in air, as illustrated in table 5. Comparison of these findings with

~ those of Loewy and von der Heide (19i4) appears to indicate that

rats are more sensitive than cats and dogs. It should, however, be
emphasized that, as pointed out by Flury and Wirth (1934), even
concentrations as low as 86 mg. per liter (66,000 P- p- I.) may cause

delayed death. . Sammartino (1933c) noted in frogs, following intra-

.t;(

¥, Flury and Zernik, 1931) as shown in table 5. According

venous-administration of methyl aleohol, clonic-tonic convulsions,
opisthotonus and, finally, progressive pamlyms In mammals, con-
vulsions followmg the repeated administration of doses of 10 cc. of
methyl alcohol (in 10 percent solution) to cats were reported as late
effects by Rost and Braun (1926) and by Witte (1931) (quoted from
to Gradi-
nesco (1934), in.dogs the intravenous injection of small doses of methyl
~ alcohol (1 ce. per kg.) causes an increase of the respiratory amplitude,
. whereas large doses (10 ce. per kg.) cause a severe depression. Tyson

_3; “and’ Schoenberg’ (1914) noted a marked reduction of the body tem-
. Pérature and a primary stimulation and subsequent depression of the

e it
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- respiration following inhalation of methyl aleohol vapors, death being
. due to respiratory arrest. :
*'With regard to the effect of methyl alcohol on the peripheral nerv
' atructures, Verzér (1909) found that methyl alcohol canses a primary
" “gtimulation of the nerve fiber, being, however, less effective than-ethyl
- sleohol. This was confirmed by Gradinesco and Degan (1934). Bon-
- . net and Lelu (1938) found, with the nerve-muscle preparation of the

. Table 4—Effect of inhalation of various concentrations of methyl aleohol in
N - air on rate and dogs o

- [Loewy and von _der Helde, 1614]

. — ’
Concentration . -
. 1 —_— Bymptoins ' :
N 1)
Volureo Partalpermﬂ- in hours TP !
percent - llon
' ‘Rats .
b@os | savamn 2% | W proter ed expostite, moderate defrogston.
. X prolong modersi on.
CEOS | POE| I | Melanbdmresim e toter progrestve depresion of
. o effect during onrs; later ve dep the
. eenimlnervonsmtem.pe'asinzintoughtnamoslsanermnm_
- than 4 hours of exposore, i, LT "
8.0 0,000 1 ;-5‘..1;5 Nareosis efter I Bour, . S I I
. ) " . S :
L.0-1.4" 10, 000=14, 000 MH No effeet
0. 15-0.199 1, 500-2, 000 24 Do.

Table 5—Effect of inkalation of various concentrations of methyl alcohol in
o 5 air on cals -

' [Witte, 1081 ; quoted from Flury and Zarnik, 18311

s :  Ooncentration
' of o 8 tom:
. exposurs ']
. Mﬂl!fmms Parts per In hours vop
pet liter million .
.®5 =00 § | Tolerated witkont after offects.
4812 87, 000 6 | After 3 to 4 I 1 cat recovered, 1 died after 2
with marked loss of Iat. :
- ori 74,000 6 | After 4!1]1:0\::3, toleration of side position. One animal recov- .
i m?.:feg&hst&ﬁdmtbotbkddny.shwhxmukedhm
- - emia of abdoml .
24,8 160, 000 8 Mluz}ihwrs,tﬂmtﬁdddopmltiummstomm :
- . ) .deep ; after 4 to § hours, clonie convulstons. ~ Death
=0 290,000 4] Alter g 1 24 houire, Lol ation:of side position: after 3 hours, desp
a - A mfl:lmah dled some hours after the exposure.

- frog, that 0.5 to 1.0 percent solutions of methyl alcohol first increase
. and Jater decrease the chronaxy of nerve and muscle, that of the latter
returning to nearly normal values. Higher concentrations (2.0, 3.0,
and 6.0 percent) were found to cause sometimes n decrease but more

-often an increase of the chronaxy. Gradinesco arid Degan (1934)

* . found that B percent solutions more frequently cause first a decrease

- -, and later'an increase of chronaxy (hyperexcitability) ending in in-
. excitability after 6 to 7 hours of immersion. Higher concentraticns

- (15 and 30 percent) were found to have a definite paralyzant effect.
.~ This, however, was of & temporary nature since it was reversible by

15

lavege. The suthors pointed out that with concentrations of 5 and
10 percent the results are not uniform and frequently there is first an
‘increase of the chronaxy, as observed by Bonnet and Leln (1933),
which presumably is due to individual differences (seasonal?).

In view of the deleterious effect on the vision observed in methyl aleo-
hol poisoning, this effect has been studied very extensively in animal
experiments. Holden (1899) fed dogs 50 cc. of methyl slcohol on two
occasions, 5 days apart, and noted on the second day thereafter tempo-
rary blindness which later gradually subsided. On the eighth day a
diffuse turbidity of the cornea without signs of congestion developed.
On autopsy he found extensive degenerative changes of the ganglionic
cells of the retina and destruction of some medullary sheaths of fibers
of the optic nerve, and he assumed that the temporary amblyopia was
caused by nutritional disturbances of the ganglionic cells of the retina,
Friedenwald (1802) confirmed the destructive effect on the ganglionic
cells of the retina in experiments with rabbits which were fed methyl
and ethyl alcohol in sufficient doses and for a sufficient period of time

 to cause, in the case of the latter, sirrhosis of the liver, and he found
“that thess alcohols behaved similarly in this respect. Birch-Hirsch-
feld (1900) experimented with rabbits and chicks and noted, on the
day following the administration, dilatation and rigidity of the pupils.
absence of defense reflexes, and in
selves in space. Although he noted no ophthalmological changes dur-
“ing Iife hie found at zutopsy degenerative changes in the ganglionic
cells of the retina and also, in 1 rabbit, of the optic nerve. Later
(1901) he expressed the opinion that the retinal changes were the
primary manifestations and that the lesions of the optic nerve de-
veloped later. Igersheimer and Verzdr (1913) repeated the experi-
ments of Birch-Hirschfeld but used more diluted solutions of methyl
alcohol in order to prolong the exposure and reduce acute toxic effects.
-Although they noted a temporary reduction of the light perception
they found no degenerative changes in the retina. Kasass (1913) fed
increasingly large doses of methyl aicohol to rabbits for 267 days. He
" noted peripapillary venous hyperemia and, later, constriction of the
arteries and bleaching of the papiila which might result in nutritional
disturbance in the retina, ag had been assumed by Holden (1899).
These symptoms disappeared after some weeks. On autopsy he noted
- vacuolar degeneration in all, but especially in the interior layers of
the retina, hemorrbages in the optic nerve and fatty degeneration of

: 'iIlWthP—ﬁh"Ls' This assumption appears to W
- publication of Goldschmidt (1922) who found that pretreatment of

" the retina with methyl alcohol prevents, under certain conditions, the
.:reduction of methylene blue to the lemcobase by this tissue. This

effect Increased with the concentration of methyl alcohol used and no

_‘reduction of methylene blue was observed by the retina of animals -
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which had béen poisoned with methyl alcohol; it appears, therefore,
. ‘that the retina of such animals is unable to utilize oxygen.' Grignolo.
(1918) found in dogs that following the administration’'of methyl -
2lcohol the osmotic pressure of the fluid in the posterior chamber of -

. the eye 'was increased and there was.also an increase of the hydrogen

- jon concentration which was later confirmed by Tyson and Schoenberg
" (1914 and 1913) whio pointed out that this effect was mére marked than

thie increase of the hydrogen ion concentration in the blood. They ex-

- plained the greater acidity of the vitreous humor by less complete

" findiigs of Keeser (1931b) and Schrobback (1931) ‘the possibility

_in:the granular and ganglionic layers, but no changes of the optic’
disk were notéd. - Alder, Buschke, and Gordonoff (1938) administered

* on' the fifth day, when the histological examination of the retina fe °

buffer action ‘as compared with that of the blood. In view of the

should be considered that more formie acid is formed in this than in
other: organs because in this medium formaldehyde is less_readily
bound. --Grignolo (1913) found that the increase of ‘the osmotic
pressure was paralleled by shrinkage of the ganglionic cells, shrink-
age and edema of the granular layers, and atrophy of the optic nerve.

. Rost and Braun (1926), like Friedenwald (1902), noted similar .
- changes of the eye in dogs, following repeated oral administration of
-méthyl and ethyl aleohok ‘Wherens some cells of the tetina were
- normal, others were vacuolated, some showed incomplete staining,

and shadow cells were seen quite frequently, - In addition, the pigment
of the retina was destroyed in spots and similar ehanges were seen

by stémach tube to rabbits 70 percent methy] aleohol (2.5 ce. per kg.)
of a high degree of purity on three occasions and killed the animals

vealed reduction of the ganglionic cells, irregularities of the nuclei,

changes and disappearance of Nissl bodies, and loosening of the gran-

ular layer. ‘It appears that changes similar to those produced by’
methyl alcohol may also be seen oceasionally:in ethyl alcohol:poison-
ing, but it. appears to be definitely proved that the injuriods effect of

niethyl aleohol is more marked, presumably on account of its slower

atid less complete oxidation, as indicated by the observations of Grig-, .

nolo ‘(1918) dnd Tyson and Schoenberg (1914 and 1915). . Whereas

~ most of these studies on the effect of méthyl alcohol on eye und vision

were.made with oral administration, studies regarding the effects on

. the eye with inhalation of its vapors are less numerous. ‘ Tyson and
.. Schoenberg (1914 and 1915) found that repeated daily inhalation of
- misthyl aleohol vapors for a limited time caused reduction of the .
- 'vision and, histologically, in one instance, edema of various structires
... of;the eye and ‘early signs of beginning degenerative changes of the
. .gonglionic cells of the retina, McCord (1931) noted strophy of the
~ ;* optic nerve following inhalation and cutaneous absorption, and Weese
.« (1628) observed in mice, following inhalation of fatal concentrations -

of methyl alcohol, degenerative changes in.the retina which, however,
may possibly have been due to postmortem changes during the prep- .

aration of the tissue, , ) o
With regard to the effect of methyl alcokol on th.s ciroulation, .Kuno
(1918) found that the isdlated mammalian Aear? 1s depressed in Y9

- to ¥, normal concentration (corresponding to 0.8 to 0.6 gm. per liter)

und that 14 normal solutions (1.5 gm. per liter) cause complete arrest
within a few minutes. According to Fiihner (]..921) the minimal
effective concentration causing depression of the isolated frog heart
is 8.740 mole per liter (119.7 gm. per liter) ; and Wolff (1922) found

" that:a 0,02 percent solution (0.008 mole per liter) has no visible ef-

fect, that 1 percent (0.3 mole per liter) causes reduction of the.amph-
tude to about one-fourth of the original, and that eontfentra'tmns of
3 and 6 mole per liter (96 and 192 gm. per liter) cause diastolic arrest
which is completely reversible. Similarly, Simon (1933) .sta.ted that
the isolated frog heart is reversibly arrested by concentrations of 6.25
mole per liter (200 gm. per liter) of methyl alcohol whereas concen-
trations of formaldehyde and formic acid of 0.0833 and 000434mo]e -
- per litef caused irreversible arrest, which: illustratés i':he great toxicity . -
of the oxidation products of methyl alcohol. Similar reSI‘ﬂtB were
also published by Sammartino (1933a). According to Sklianskaya,
Urieva, and Nashbitz (1936), the effect of methyl aleohol on the frog
heart i3 less marked bu lasting than that of acetone.
" With regard to the effect of methyl alcohol on the blood vessels,
Budelmann (1930) noted in perfusion experiments on m?lated organs
that low concentrations of methyl alcobol caused a penpheral. vaso-
constriction. Simon (1933) and Sammartino (1933b) found in the -
Trendlenburg preparation of frogs that concentrations of 1:1,000,000
cause vasodilatation, the blood flow being increased by 29 percent.
With the same concentration of formic acid or formalt!ehyde the
increase of flow was only 7 and 3 percent, respectively, and, in contrast
_ o methanol, higher concentrations of formic acid and formaldehyde
were found to cause vasoconstriction. Therefore, it appears likely
" that the vasoconstriction observed by Budelmann (1030) may have
bean dus to the formation of these metabolites in the isolated organs.
~ Miura (1918) studied the effect of methyl alcohol on ﬂu.z blood He
- found. that in dogs and rabbits, following subcutaneous m}ec:tlons of
3.8 cc. per kg., two-fifths of the animals developed an anemia, a re-
. duction of lymphocytes, and a relative increase of the pseudo—eosmtf-
“philes and feutrophiles, ‘These animals suffered from hemoglobi-
“mirie. Tyson and Schoetiberg (1914) noted in dogs, in acute poison-
_ings produced by the inhalation of methyl alcohol vapors, an increase
- of all cellular elements of the blood with the exception of lyt.np_ho-
. oytes and an increase of the viscosity. Tt will be shown that ‘s1mllnr
/ findings have been observed in man and it appears that this phe-
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~nomenon may be explained on the basis 6f edema formation and dehy-
dration of thé blood. There is no evidencs to show that methyl alco-
~-hol produces abnormal blood pigments. Egg (1927) showed, how-
‘ever, that bivalent iron may form & complex with methyl alechol and
. .may’ thue intérfere with the catalytic action of hemoglobin, Al:
.fhough the same éffect may be observed with ethyl aléohol, this is said
‘16 be less significant on sccount of the more rapid oxidation of the
latter. - Weesé (1928) suggested that the toxic effect of methyl aleo-
hol might be partly expleiried by an effect on the hemoglobin by im-

peiring the catalytic action of the blood, - :
“With tegard to.the effect of methyl alcokol on rivusoular tissue,
Kuno (1914) found that 0.5 and 1 percent solutions of methyl alcoho]
‘in Ringer’s solution increase the pendular movements of the isolated
- intestine without increasing the average tone. Higher concentrations
. of from b to 10 percent cause & short primary stimulation and subse.
~quent depression of the pendular movements and a moderate increass
of the average tone. Verzir (1909) found that the depressant effect of

- methyl aleohol on the striated muscle and the ciliatéd epithelinm i
* less thinrked than that of ethyl dleoHol, and ‘that with*moderate son:

- cantrations the depression is preceded by a short stimulation.” As
“pointed out'by Bonnet and Lelu (1933), the depressant effect on the
' muscle structure is less marked than that on the nerve fiber. =
: With regard to the effect of methyl aloohol on the metabolism,
- Gradinesco and Palmhert (1981) found that methyl alcohol inhibits
- to a leaser extent than ethyl alcohol the digestive action of natural and
artificial gastric juice on solid protein material. Krél (1913) showed
that in methyl alcohol poisoning thers is a considerable increase (100
‘to 156 perceiit) of the ammonia excretion, & small fraction of which
* is neutralized by formic acid. - Rewiger (1922) found in experiments
“with dogs that, in contrast to ethanol, methyl alcohol causes a negative
nitrogen balance which could be overcome by an ample intake of pro-
- teins,  *As shown by Hoekendorf (1909-10), meth¥] aleohol increases
. the sugar excretion of phloridzin diabetic dogs. . .
+ Much effort has béen devoted to the guestion of acidosis in methyl
aleokol ‘poisoning. - Schmiedeberg (1912) assumed that the essential
feature of methyl aleohol poisoning is the formation of formie acid.
-~ which, especially in tinder-nourished individuals and in the absence
- of sufficient-ammonia formation, may lead to acidosis, whereas Har:
‘nack (1912) bélieved that the toxicity of formic acid itself rather thin
the deidosis produced was the determining factor in methy] aleohol.
- poisoiing.” Xrél (1918) assumed that animals poisoned with methyl
alcohol ‘were suffering from acidosis caused by the increased excretion

-of amimonia with the urine. However, according to Loewy and.
- Miinizer /(1928) this is indicative only of increased acid formation and .

not of acidosis, Tyson and Schoenberg (1914) showed that in animals

19

poisoned with methyl alcohol the hydrogen jon concentration of the -
‘blood is increased. Haskell, Hileman and Gardner (1821) found in
experiments with dogs that, following administration of methyl aleo-

- hol, the blood alkali was not always or not sufficiently reduced to cause

severe acidosis. They believed that the latter was not the outstanding
phenomenon because in their experience the administration of sodium
bicarbonate was of limited value. According to Ziegler (1921) the
acidosis may be followed by alkalosis which may result from the forced
respiration observed in the last stages of methyl slcohol poisoning.
" Loewy and Minzer (1923) found no evidence of severe acxdosgs in
- experimental methyl alcohol poisoning of rabbits and' dqgs, as m'dl-
cated by the absence of disturbances of the carbon dioxide binding
power of the blood. In contrast to the observations of Haskel, ]E_[il_e-
man and Gardner (1921), Leo (1925) found in dogs that the adminis-
tration of alkali was of distinct value in attenuating the picture of
methyl alcohol poisoning. This favorable effect was not seen In mice,
rats and rabbits and this may be explained by the observation of
. Rewiger (1922) that, in contrast to.dogs, even large doses of methyl

* aleohol do nét ificrensd the ammonia excretiorn of these anirmals, This < <

observation also supports the assumption of Leo (1925) that the bene-
ficial effect of alkali is directed less towards the acidosis than towards
a more rapid elimination of the -formic acid as forx.nate. Eeeser
. (1931a) believed that meither acidosis nor the formation of formic
acid is as important a feature of methyl alechol poisoning as is the
. inhibition of catalytic processes as demonstrated by Egg (1:327 ). It
appears, therefore, that in animals the production of_ acidogis by
methyl alcohol poisoning mey depend upon the species used,\the
" nutritional status and the time at which the observations were mdde.
In cases of methyl alcohol poisoning in humans acidosis has been ob-
" served repeatedly. Harrop and Benedict (1920) reported such a case
. in which the acidosis- was promptly relieved by the intravenous ad-

.* ministration of 5 percent sodium’bicarbonate. Similar cases were

- reported by Ustvedt (1936), Merritt and Brown (1841), and others.
' With regard to pathological changes in animals, Poincaré (1878)

. .nobed, in the central nervous system, congestion and hemorrhages in

* the meninges and other signs of inflammatory processes; and similar

. changés and degenerative processes in brain and spinal cord were
" reported by Holden (1809), Riihle (1912), Tyson and Schoenberg
i (1914), Eisenberg (1917), Scott, Helz, and McCord (1033) and
i athers. ‘ : . :

=" . Some of the pathological changes found in the eyes of ammals
" poisoned with methyl alcohol have been discussed in a previous
. gection where it was shown that the ganglionic cells of the retina
" are primarily affected and atrophy of the optic nerve has been ob-
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gerved oniy occasmna]ly, as reported by Scott Helz and MecCord
- (1988). -

Detalled dats. on pathalogwal ohmges in the penpheml nérves are
'appnrantly not available.  Only Scott, Helz, and McCord (1933)
mention injury of the peripheral nerves,

- 'With respect to pathological cha'ngea in the dzgeatwe tract, Rost
and Braun (1928)' found, after oral administration of methyl alcohol
gearlet réd, dark brown, and black red discoloration of the mucosa
of: the stomach which: was edematous, hemorrhagic and, in spots,
corroded. These authors and aiso Tyson and Schoenberg (1914)

'.reportad gimilar changes of less severe character in the duodenum. -

_* The livér may show congestion (as reported by Tyson and Schoen-
berg, 1914), perenchymatous degeneration, and, in severs eases, focal
necroses (as reported by Scott, Helz, and‘McCord 1933). In the
‘axperience of these invmtigators the latter is more conspicuous than
fatty degeneration which is, in the opinion of Miiller (1910), the

‘inogt:common finding and which was also reported by Pomcnrel

‘(1878), Elsenberg (1917), and Weese (1928).

I the'Xidneys parenchymatous degeneration of the ep:t.helmm of

t.he .¢onvoluted tubules was reported by Poincaré (1878), Weese
{1928); and Scott, Helz and McCord (1933) whereas others such a#
-Tyson and Schoenberg (1914) noted only congestion.

i The heart muscle may show cloudy swelling and fatty degeneratmn.
ag observed by Poincaré (1878) and Eisenberg (1917); or granular.

degeneration with occasional necrosis of ﬁbers as reported by Scott,
Helz and McCord (1938).

- Following inhalation of methyl alcohol vapors, the Jumgs are
usua.]ly hyperemic. They may show petechial hemorrhages, as seen

“by T'yson and Schoenberg (1914}, bronchopneumonia (Weess, 1628),.
and, in milder cases, congestion, edema and desquamation of the.-

alveolar epithelium, as reported by Scott, Helz and McCord (1933). ..

"+ Methyl alookol -poisoning in man: In man, methyl alcohol poison-
'ihg most frequently results from the ingestion of methyl alcohol as
8 beverage. Baskerville (1913) collected, up to. 1913, 720 cases of.'_-
methyl nlcohol poisoning, 800 of which ended fatally, 80 of which

developed blindness, and 85 of which suffered impaired vision. Fur-
ther cases were subsequently reported by Harrop and Benedict

.{1920), Burhans (1930), Mathewson and Alexander (1932), Neiding,
. Goldenberg and Blank (1933), Joiris (1935), Kraul (1933), Willemse '

" (1936), Menne (1938), Merritt and Brown (1941) and others. Many

: gingln eases résult from the ingestion of methanol or alcoholic bever- .
ages adulterated with methyl alcohcl, and occasmnnlly masd poison:
ings are. observed, as in- Hungary in 1909 Berlin in 1911, Hamburg
i 1922,’and:,0deasa. in 1933.. The character and the intensity of the:
poisoning depends on the quantity of methyl alcohol ingested and the-

nutritional status of the individual. In the opinion of Baskervills

(1913) who analysed a Iarge number of cases, 55 percent of the cases
_of methyl alcohol poisoning end fata]]y, t suffer permangm,__

blmdnul, 12 perc percent have mpalred vision, and only 4 pereen recover.

_mgg?r;@x
ereas injuries resulting from the ingestion of methyl alcohol

are, a5 a rule, not of industrial origin, those caused by inhalation of its
vapors do beIOng in this group. Baskerville (1813) collected from
‘the literature 64 cases of such poisonings, of which 6 ended fatally, 19
suffered permanent blindness, and 33 had impaired vision. More re-
cently, similar eases have been reported only occasionally, as by Robin-
son (1918) and Schwarzmann (1934), and it appears to be the con-
sensus that only exposure to high concentrations in limited enclosures
will cause serious and lasting effects, as also indicated by a study of
Loewy (1914). Humperdinck (1941) believed that conecentrations of
1,528 to 7,640 p. p. m. ere potentially dangerous with regard to pos-
sible visual disturbances and that to avoid these the concentration
should be kept below 764 p: p. m. (1 mg. per liter). . :

As pointed out above, the clinical picture af methyl aleohol poison-
ing following ingestion of methyl alcohol varies with the amount of

‘methyl aleohol ingested, the amount of foodstuff in the gastro-intes-

tinal tract, and the nutritional status of the victim.
In light cases of methyl alcohol pmsomng the patient may complam
about fatigue, headache, a pulling pain in the limbs, nausea, and
moderate gastro-intestinal disturbances. Later he may complain of
visual disturbances, and there may be a considerable latent period

before more serious symptoms become manifest.

In more severe cases the victims suffer from nausea with occasional
vomiting and diarrhea. Later they may become cyanotic and rest-
Jess, their respiration becomes deep and labored, and more or less

‘severe debility may develop. The pupils are usnally dilated, fheir
. reactivity is reduced, and vision is impaired. If only pupillary symp-

toms are present the prognosis is usually good (Stadelmann and
Magnus-Levy, 1912), but if the patient is dyspneic the prognosis js -
doubtful and the clinical picture may suddenly become very serious.
.. In severe methyl alcohol poisoning, nausea, vomiting, and diarrhea
are more marked (Krél, 1913; Harrop and Benedict, 1920; and
Burhans, 1930), abdominal pain and colic may exist (Schwarzmann,
1934), and the stools may contain blood (Menne, 1938). -The patients

‘may be weak, apathetic, and even comatose (Tyson, 1912; Isaacs, 1920;
“and Burhans, 1930), or they may be excited (Krél, 1913) or even man-

incal (Neiding, Goldenberg, and Blank, 1933). They may also suffer

from visual hallucinstions, as reported by Harrop and Benedict
(1920). Freguently they complain about Inore or less severe head-

ache and vertigo. Their reflexes may be incressed (Krél, 1913; and

. Schwarzmann, 1934) and they may suffer from convulsions, as re- /Y‘
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ported by Knél (1918), Neiding, Goldenberg, and Blank (1988), Bur-
hans (1930) and others. n very severe cases these symptoms may be
associated with opisthotonuvs (Krél, 1913). Later ataxia and periph-

_eral:neuritis may develop, as seen by Jeliffe (1905); Schwarzmann'
. (1984)° snd_others. Oppression in and pain in the side
" s Trequent complaints (Krél, 1918; Harrop and Benédict, 1020; and.

‘others).: - Depending upon the stage of the poisoning, the resplratlon
may be rapid and shallow (Menne, 1038) or deep and labored as in
diahstic coma (Krél, 1918; Harrop and Benedict, 1920; Burhans, 1930;

- Ustvedt' and Mohn, 1932, Menne, 1988; and others) and the patient
may saffer from more or less severe cyanosis. The circulation may
ghow varying degrees of failure, the blood pressure may be lowered,
the pulse may be rapid and weak, and the victim may suffer from
collapse associsted with lowering of the body temperature (Harrop
ind Benedict, 1920; Merritt and Brown, 1941; and others).. :

o+ -In-acute cases of methyl alcohol poisoning the cellular elements
and the hemoglobin of the blood may be increased, as observed by

- Tyson. a.nd Schoenbe.rg (1914) and by Merritt and Brown (1941)..
" “The urine may contain ‘albuiten and casts (Burhan, 19805 ‘Joitis,

| 19853 Merritt and Brown, 1941; and others). The patient may suffer

from mare or less severe acidosis (Xrél, 1918; Harrop and Benedict,

-1920; Ustvedt and Mohn, 1982; Ustvedt, 1936; Merritt and Brovm,
*1941; dnd others), and lactic and formic acid may be found in the
urine. Tt has been pointed out above that concentrations of formie
ac¢id of more than 100 mg. per 1,600 cc. may be considered to be
pathognomonic for' poisoning from methyl alcohol or other methyt
componnds (Klauer, 1939), and sugar may y_occasionally ba. found
- in the urine (Joiris, 1935). ~The blood urea may be considerably
increase
©(1941),
+ Visual’ dlsturbances of varying intensity are the most charactens-
 tic ‘phenomeng in methyl alechol poisoning, as reportéd by MacFar-
. 'lan (1855), Moulton (1901), Hale (1901), Wood. and Buller (1904},
Strolimberg (1904), Hawes (1905), Tyson (1912), Krél (1918),

.Harrop and Benedict (1920), Ziegler (1921), Burbans (1930),

Mathewson and Alexander (1932), Neiding, Goldenberg and Blank

(1988), Joiris (1985), Willemse (1936), Merritt and Brown (1941)

and many others. DeSchweinitz (1901) and Wood (1912) wrote a
réview on this subject. V:sual dlsﬁurbances usually become manifest
- about 24 ‘hours after the of the poisoning (deSchweinitz,
+1901).+ "The' puplls are usually dilated (deSchweinitz, 1901;. Tyson,
10125 Zlegler, 1921; and Neiding, Goldenberg, and Blank,’ 1933);
thsy inay be unresponsive, to light but responsive to convergence (de-
- Schweinitz, 18015 and Ziegler 1921); or théy may be completely

?‘g‘d.~. (Tyson, 912 _Ustvedt and Mohn, 1932; Joiris, 1985; Menne,.

) 8s observed by Joms (1985) and Merritt and Brown

%

1938; and others). There may be some scleral congestion (Ziegler
1991), the eyeball may be sensitive to pressure (Ziegler, 1921) and
its rotation may cause pain (Tyson, 1912). Qccasionally there may
be paresis of the muscle, leading to ptosis of the eyelids, as observed
by Ziegler (1921). In soms cases the first impairment of the vision

may show a temporary improvement but later the vision ma du-
Jlly_deteriorate, #570 served by deSchweini arrop and

Benedict (1920) and Ziegler (1921). The primary amblyopla may
be due to e primary inflammation in the connective tissue of the

“ optic nerve, as assumed by deSchweinitz (1901), or it may be caused

by clrculabory disturbances in the eye, as assumed by Nagel (1905)
and Joiris (1935) ; and final impairment of the vision may be caused

by toxic metabolites, as indicated by the studies of Holden (1899)
and Kasass (1913). Ophtha.lmologmally, the edges of the optic disk
may be blurred and there may be optic neuritis with exudation into
the retina (deSchweinitz, 1901; Wood and Buller, 1904; Tyson,
1912; Harrop and Benedict, 1920 Ziegler, 1921 ; Ustvedt. and Mohn,
1932° and Neiding, Goldenberg, and Blank, 1933) - The vessels of
the eyeground may be congested, as ¢bserved by Stréhmbetg (1904),
and the veins may be dilated, as reported by Tyson (1912). In the

. oplmon of deSchweinitz (1901) and Ziegler (1921) the final ophthal-
.moseoplc picture is that of retrobulbar neuritis, but it may also

end-in optic atrophy, as seen by Hale (1901), Wood and Buller
(1904), Ustvedt and Mohn (1932) and others. Temporary or per-
manent scotoma has been observed by Wood and Buller (1904),
Tyson (1912), Harrop and Benedict (1920), Ustvedt and Mobn

~ (1982) end Joiris (1935).

. As pointed out before and as st,ated by Stadelmann and Magnus-
Levy (1912), in methyl alcohol poisoning the mortality rate is very
high. The immediaté canse of death appears most frequently to be

" respiratory failure, as assumed by Stadelmann and-Magnus-Levy
- (1912), Neiding, Goldenberg, and Blank (1933) and Menne (1938),
' but death may also be caused by cardiac failure, as reported by Bur-
“hans (1930). In more protracéed cases, injury and dysfunction of

the kidney may be the cause of death. Reeovenr from methyl alco-
+hol_poisoning ig slow, and marked fatlgue, malaise, pain In Limbs,

+ and visual distarbances may persist 10 some time,

"Exposure to methyl alcohol vapors may cause irritation of the

i snascous membranes of the respiratory tract and of the eyes, resnltmg,
© in severe cases, in tracheitis and bronchitis (Koelsch, 1921) and in
. blepharospasm - (Thies, 1928). Locally, splashes of methyl alcohol
. may cause chemosis and superficial lesions of the cornea which, how-
. ever, usually heal promptly and are only exceptionally of serious
‘nature (Thies, 1928). Systemdcally, inhalation of methyl alcohol
< vapors may cause headache, vertigo, tinnitus, nausea, gastric distrub-



_ rare and the evidence for such accidents is inconclusive.
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: nﬁoeé, eonvulsive tmbchmgs oppresmon ‘in the chest visual distuib-

' ahbes; hnd even amatrosis. Sensory disturbanices (pnrestheslas and
. andithesiag) appear to be not infrequent but sericus cerebral effects
" appear to be ‘axceptional and, if observed, result only from very severe
expoSure " Continued exposure to methyl alcohol vapors may lead to
- atiemic conditions, as reported by the Division of Industrial Hygiene
- of the Néw York Department of Labor (1917) and by Burharis (1930)
. Irijury of the eyes froin the inhalation of vapors was observed quite
. frequently at the beginning of this century. DeSchweinitz (1901)°

~ reported 1 and Wood and Buller (1904) reported 9 cases of blindness

fesu]tmg from inhalation of high concentrations of methyl aleohol

- in'smiall enclosures. Baskerville (1913) ‘collected from the literature

© 64 ¢ases of inethyl alcohol poisoning caused by inhalation, of which
5 sufferéd from temporary and 19. from permanent blindness, and 33
- froi impaired vision of varying intensity. Cases of this type were

. also’ reported by Patillo (1899), Hale (1901), Hawes (1905), Jeliffe
(1903}, Tyson (1912), Morson (1918), Koelsch (1921) and Schwarz-
- mann 1984).

; These were characterized by impaired ,a.ccomniodntion,'-
. .redtriction of the visual feld] and scotoma. - It dppedrd that such con/
. ditlois may improve considerably with discontinuation of the ex-
' postird:-'and proper ‘treatment, but complete: cures are exceptional
(Koelseh 1921) In addition, individual susceptlblhty may p!ay-r.
a,role.

Contmued exposure to vapors of methiyl alcohol may lead to ckronic
powonmg ‘which is characterized by irritation of the mucous mem-'
' branes, possibly leading to bronchitis and pulmonary affections which’

- may be associated with headache, tinnitus, tremors, local and multiple
* neuritidés, and more or less severe vmm.l dxsturbances (Flury and

Zernik;1981), |

~-Oontdct of m#kyl aleohol with the skin may lead to irritation and. -

. eezemia, s’ observed by Mumford (1925), and to dermatitis, as re-

.. portéd by the Division of Industrial Hygiene of the New York De-
pnrtmen‘t. of Labor (1917). Oocamona.lly, cises of methyl alcohol -
. poisoning liave been reported in which absorption of methyl aleohol
through the skin has been credited with causing systemio poisoning.: ;
."However, in these cases vapors of methyl alcohol had also been inhaled; -
therefore such toxic effects cannot be associated exclusively with ab-
* sotption through the skin and one has to agres with Sayers and Yant
+ (1980)- that cases of poisoning by absorption through the skm are’

n‘ - .q_"_, M3

.Pathological ¢hanges in methyl aloohol poisoning-—In cases: of
methyl aleohol poisoning the livid spots are said to be reddish but-
 less bright than those seen in' carbon monoxide poisoning, the face:
"-ig frequently eyanotie, and there may be marked rigor mortis (Strohm- :
bai'g, 1|904) - The respiratory tract is hyperemic (Strohmberg, 1904;

T
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and Fraenckel, 1012), the lungs may be congested (Pierce, 1909) or
hyperemic and edematous (Strohmberg, 1904; and Fraenckel, 1912),
and there may be bronchitis (Xeeser, 19812). In acute death the
heart is flabby and dilated and there may be ecchymosis (Strohmberg,
1904; and Gerbis, 1931). The digestive tract is hyperemic (Strohm--

. bergy 1004; Fraenckel, 1912; and Burhans, 1830), the mucous mem-

branes of the sfomach may be edematous and may show-ecchyrmosis
(P1erca, 1809; and Isaacs, 1920), and with delayed death theré may
be, in addltlon, eroston and ulceration (Burhans, 1930; and Menne,
1988). The liver has been described as being brovmlsh and friable
(Isaacs, 1820), and it may be hyperemic and edematous (Menne, 1938).
In acute death there may be diffuse fatty infiltration but no degenera-
tive changes {Fraenckel, 1912; and Gerbis, 1931}, but with delayed
death there may be fatty degeneratlon, as reported by Burhans (1930)
and Keeser (1931a). In early cases there may be acute hemorrhagic
panoreatitis, as observed by Burhans (1930). The kidneys are hy-
peremic and may show hemorrhages (Stréhmberg, 1904; and Keeser,
1981a}, cloudy swelling (Isaacs, 1920; and Burhans, 1930), fatty in-
filtration” (Gerbis, 1931) and dageneratlve changes of the glomerular
apparatus (Burhans, 1980). The meninges are hyperemic and ede-
matous (Stréhmberg, 1904; and Fraenckel, 1912). The brain tisste
may also be hyperemic and edemstous (Stréhmberg, 1904; Burhans,
1830; and Menne, 1938) and the amount of oerebrospmal fluid may
be mcreased. With regard to pathological changes in the eye, Mac-
donald (1929) found defects of the epithelium of the cornes, optic

- degeneration of the pigmented epithelial layer of the iris, moderate
~ round cell infiltration of the ciliary body and congestion of the ves-
.sels in cases of acute methyl alcohol poisohing. In addition he found
-gysts and marked degenerative changes of the ganglionie cell layer of

the retina, Other investigators (Keeser, 1931a; and Menne, 1938)
reported on hyperemia and cloudy swelling of this structure. Mac-
donald (1929) noted marked distortion and much cellular debris,’

‘especially’in the region of the optic nerve. The external nuclear layer

and the nuclei of the rod and cone layer were irregular; there were

' many cystic spaces in the reticular layer, and there was engorgement
- of the choroid vessels. A very similar picture was described by Birch-
.-Hirschfeld (1900) and by Tyson and Schoenberg (1914).
- (Burhans, 1930; and Keeser, 1931a) reported edema and, with longer _
- duration, cloudy swelling and marked degeneration of the optic nerve.

:Lewin and Guillery (1913) sssumed that the pathologic changes of .
_.the ganglionic cells are due to a direct toxic action gnd that changes
- of the optic nerve are not of secondary, but of primary nature, caused
~either by a neurotoxic action or by an effect on the bléod Vessels In

Others
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their opinion it is only in delayed cases that a secondary ascending
degeneration may develop atrophy of the optic nerve, ' -

. M aoimal pemmaible concentration of methyl alcohol in air. —No
deﬁmte information is available regarding maximal permissible con-
centrations of methyl alcohol. Greenburg, Mayers, Goldwater, and
Burke (1939) determined the concentration of methyl alcohol and of
‘acatone in “fused collar” operations and found concentrations of 20 to
25 p: p- m. of the former and 40 to 45 p. p. m: of the latter. They
noted no abnormalities. in workers having this exposure. In the
‘opinion of McCord (1931) and of Scott, Helz, and McCord (1933}
the danger . threshold of methyl alcohol is well below 1,000 p. p. m.;
and prolonged exposure to 4,000 p. p. m. ‘has been found to be fital to
‘man, - At present the consensus is that 200 p. p. m. may be considered as
maximal permissible concontra.tlon for continued exposure for 8 hours
da.lly. o

Dcmgera from the mdmtnal use of methyl alcahal —Danger from
l:nathyl aleohol poisoning exists in  all operations where this material

- is. handled without adequate -precautions. This holds true- for its

manufacfure by distillation of wood or by synthetic’ processes, for its
use in the chemical industries, and, especially, for its use in those
manufecturing processes such as the making of artificial flowers,
straw: hats, etc. where methyl alcohol is used as a solvent. At one
time. there was much discussion as to whether or not the use of

methyl alcohol as an antifreeze in automobile radiators involved a
hazard to the public, and some Government agencies, such as the.

Arkansas Legislature (1931), passed a law regulating its use in
antifreeze mixtures by requiring the coloring of such solutions,
,proper labeling, and the keeping of records with regard to its sale.

Trumper (1931) was apparently the first to point out the possible, '

danger from.the use of methyl alcohol as an antifreeze, but Shum-
-way.as well as deSchweinitz (see Trumper, 1931) doubted whether-

there was any danger from evaporation of methyl alcohol from the

radiator.. - The studies of Sayers and Yant. (1830) indicate that there
is no danger of poisoning from reasonable handling of methanol as
an.antifreeze, and Yant, Schrenk, and Sayers (1931) stated that an
_investigation of many oonchtlons of exposure to vapors and contact
with the skin in the manufacturing and handling of methyl alcohol,
comparable to the degree of exposure resulting from.the handlmg
and use of methyl alcohol as an a.ntlfreeze, offered no signs of health
“hazard,

~The, prevmtwn of mathyl alcohol pmonmg —All opera.tlons in
. which methyl aleohol is handled should have sufficienit ventilation so
tha.t the concentration of methyl alcchol in air does not exceed 200 .
p. p. m., and precautions should be taken that the contaminated air

does not enter other. buildings. If possible, the vapors should be -
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removed ‘at the site of their liberation by adequate local exhaust
ventilation. All vats, barrels, or receptacles of any kind containing
methyl alcohol should be kept hermetically closed. Inhandling methyl
aleohol, contact with the skin and contamination of garments should
be avoided, and any spilled methy] alcohol should be removed at once.
Whenever methyl alcohol is used in an industrial process, printed cau-
tionary signs, calling attention to the danger from exposure to methyl
alcohol, should be posted in the workrooms. Enclosures kmown to
contain high concentrations of methyl aleohol vapors should be entered
only with adequate protection, such as open air masks and safety
lines, and under the supervision of a crew familiar with such exposure,
With regard to other precautionary measures, an agreement should
be mentioned between the United States Public Health Service and the
manufacturers of methanol, methyl alechol or wood alcohol which pro-
vides that any material containing more than 15 percent of free
methanol for use as an antifreezé shall contain sufficient dye to give
an intense, permanent, violet color to the solution equivalent to that
given by the addition-of 0.01 pound of methyl violet 2B to 100
gallond.  In’ addition,” all containers shall have prominently dis-
played a warning sign reading as follows, in prominent, heavy,
Gothic capital letters, red on white background:
(Skull and crosshones)
, POISON _
CONTAINS OVER ______ PERCENT METHANOL
_ CAN NOT BE MADB NONPOISONOUS
In case the methanol is used for purposes other than as antifreeze
it should carry the label:
(Skull and crossbones)
POISON
- CONTAINS OVER ______ PERCENT METHANOL
CAN NOT BE MADE NONPOISONOUS
AVOID PROLONGED BREATHING OF YAPOR
In operations in which methyl alcohol is handled, workers should
undergo pericdic medical examinations. Subjective complaints, such
a8 burning of the eyes, headache, dizziness and fatigue, and gastro-
intestinal disturbances, should be considered indicative of harmful
exposure. Special nttentlon should be paid to the condition of the
eye (oon]unctnntls and visual acuity) and to the functioning of the
kidneys. The urine should be tested for albumen and casts and the
formic acid content should be determined. An increase of the latter
above the normal value of 100 mg. per 1,500 ec. should be conmdered .
as indicative of excessive exposure.
- The treatment of methyl aleohol poisoning—In poisonings from
inhalation of methyl alcohol vapors the patient should be removed
from the exposure and given rest, and the elimination should be en-
hanced by the application of hot packings and diuretics. Special
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attentaon ghould be pmd to visua): dlsturbanees and theee should be
treated by an-ophthalmologist. -

*. -In cases of poisoning from the mgestxon of methyl aleohol the pomon
ibhoul_d be: removed. from the stomach by gastric lavage. Mathewson

-and Alexander (1932) -recommended that this be repeated on several

days; and Isaacs (1920) suggested that a 1 to 2 percent solution of
bodium: bicarbonate be used for this purpose and, following this, 100

40120 ce. of a 50 percent solution of magnesium sulfats (Epsom salt),
the latter being left in the stomach to induce catharsis. . Saline cathar- °

“ticd should be.giveniin any case.unless the patient is in collapse. 'As
suggested by Pohl (1918) these may be preceded by the administration
of adsotbent charcoal in order to reduce the absorptlon of methyl al-

-c6hol: from the gastro-intestinal tract: The urinary excretion of

methyl :alcohol-and its metabolités should be enhanced by the ad-
ministration of diuretics and.the.intake of a large quantity of warm

fluids: (tea). - The elimination inay be further increased by diaphoretic .

‘measures stich as hot baths, hot packings and, if necessary, by pilocar-

pine- (Msathewson and Alexander, 1932).- If the pn.tlent is cyanotic, -
- inhalation of oxygen may give'prompt.relief (Merritt 4nd Brown. :

1841)!and 1 in-severe casesvenae section and. subsequent infusion of

'_salme—m acidosis of 5 percent sodium bicarbonate (300 cc.), repeated
if necessary—as suggested by Burhans (1930) and Merritt and Brown
(1041)  may be very beneficial. - As pointed out by Leo (1925) the

oral administration of 3 gm. of sodium bicarbonate every 2 hours on

-@ geeasions during the first day and on 3 becasions during the subse-

quent days may dlso prove helpful in the elimination of formates. In

-severe cases the administration of cardiac stimuldnts may become

necessary and spiral puncture may alleviate the symptoms from the

“central nervous system and the eye (Mathewson and Alexander, 1932).
"Visnal disturbancés may also be improved by the administration of
.thlamme hydrochlonde, as suggested by Slmons (1942) ‘

N
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" b. Ethyl Aleohol .

' Qhemitéal vhwwtemtws Eithyl alcohol, ethanol, alcohol C,H.OH,
JS d t:olorless liquid of aromatlc odor. It has a molecular weight of

:46 07 and a speclﬁe gravxty of 0789 at —C It solidifies at —112° C,

and boils at 78.4°. C... Its refractive mdex is 1.8610 at 20.6° C. and it |
is!miscible in- all propdttions with water, chloroform, and ether.
:Accotding to Coward and Jones (1939) the lower limit of inflamma. -
‘bility.iwith upward progagation of the flame is 8.28 to 5.02 percent, .
_with horizontal propagation, 8.70 to 5.18 percent, and with downward
propagation, 8.70 to 531 percent. - For the upper limit of inflamma.
bility the corresponding values are 14.0 to 18.95 percent, 13.80 percent, :

and 11.50 to. 13.65 percent. Tts 1gmtlon temperature is 425“ C in -

: -oxygen and '568% C. in air.

Ordinarily ethyl alcohol is prepared by fermentation of substances
containing sugars, such as glucose, Jevulose, saccharose, and maltose,
or by fermentation of amylaceous matters such a8 starch, dextrin,
inulin, and others, after these have first been hydrolysed to sugars.
It is separated from the fermented mash by distillation and purified

by rectification. Ethyl, alcohol can also be prepared synthetically by

oxidation of acetylene to acetaldehyde in the presemce of mercuric

. salts and subsequent reduction of the aldehyde by electrolysis or cata-

lytic reduction with nickel. According to Chemical and- Metallurgi-

* cal Engineering, 49: 73, 1942; the annual production of ethyl alcohol

in the United States was 337,040,937 proof gallons in 1841,

.Uses—Ethyl alcohol is used extensively as a solvent for fats and
oils. It plays an important role in chemical industries, as in the
manufacture of ether, artificial vinegar, and fulminate of mercury.
It is used extensively jn the explosives industry, in the manufacture
of artificial silk, in lacquers and vamlsheq, and as a fuel for com-
bustion engines.

Denatured aleokol—In order to reduce the htgh cost of pure alcohol

. due to taxation, alcobol used in industry is frequently denatured to

render it unsmtable for consumption. To fulfill this purpose the de-

naturing agents must give the aleohol an unpleasant smell or disagree-
able taste or cause physiological effects such as vomiting which
interfere with the absorption of alcohol. In addition, the denaturing -
agent must have such. physical-chemical characteristics that it is not
casily removed from the denatured aleohol Wiley, Sawyer, Tolman,
Bryan, Given, and Berger (1910) gave an extensive discussion on the

. question of denatured alcohol and the Treasury Department of the .

. United States published in 1932 » pamphlet concerning regulations
" pertaining to the use and handling of denatured aleohol. The fact

that the denaturing agent should not interfere with the industrial uses

of denatured alcohol for various purposes must also be considered
and ‘this has resulted in the use of a great variety of chemicals for

the denaturing of ethyl alcohol. Zangger (1981) discussed in great
detail the denaturing technique and the dangers resultmg from the

‘. indiscriminate use of chemicals for this purpose.*

' He enumerates gs denaturing agents the following ¢bemicals which' fn at Teast one

country {Bwitzerland) are Hated as industrial polsons:

Acetone, ether, anlline dyes, acetaldehyde, benzine, benzol, ethyl bromlde. methy! bromide,
cadmiom jodide, chloroform, guinine, chloral hydrate, acetic acld, formaldehyde, ethyl-
acetylie estor, amyl acetate, etbyl chloride, lodoform, cthyl lodide, nitrobenzens, methyl—_
othyl chioride, nicotine, paralddhyde, phenol, oil of turpentine, carbon tetrackloride, coal
tar, pitch, ofls, petroleum distiNlates, and even mercurie chloride and bedsyl ehlorldé which
have been used tentatively. : R

Among other chemicals and drugs which have been ms!uted and oomeum .used
Zangger (1031) listed:

Agaritin, allyl formate, erythrosii, campbor, jpecacuncha, podophyliln, scammonium,
tapnin, glucosides, thymol, menthol, pyridine, salicylic acid, salicyl derivatives, varleties

_of camphor, collodlon resin (also toxic resins), phthalic acld esters, acetenitrile, paralyde.
_hyde, acridine, paphthelene and naphthatene derivatives, dimetbyl, ethyI-methyl), snd
¢ ethyl-phenyl esters of phtbalic acld, oxalic acld ethyl ester, nitric aeid ethyl ester, dimathyl



