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ABsTRACT: Methyl alcohol was administered in drinking water supplied ad li-
bitum at doses of 20,000, 5,000, 500, or O ppm to groups of male and female
Sprague-Dawley rats 8 weeks old at the start of the experiment. Animalswere
kept under observation until spontaneous death. Ethyl alcohol was adminis-
tered by ingestion in drinking water at a concentration of 10% or 0% supplied
ad libitum to groups of male and female Sprague-Dawley rats; breeders and
offspring were included in the experiment. Treatment started at 39 weeks of
age (breeders), 7 days before mating, or from embryo life (offspring) and lasted
until their spontaneous death. Under tested experimental conditions, methyl
alcohol and ethyl alcohol were demonstrated to be carcinogenic for various or-
gans and tissues. They must also be considered multipotential carcinogenic
agents. In addition to causing other tumors, ethyl alcohol induced malignant
tumors of the oral cavity, tongue, and lips. These sites have been shown to be
target organsin man by epidemiologic studies.

KEeyworbs: methyl alcohol; ethyl alcohol; car cinogenicity; long-term bioassay;
rat

INTRODUCTION

Automobiles and gasoline are two of the main consumer products characterizing
the modern age. The annual consumption of gasoline has been estimated at over
600,000,000 tons throughout the world. With its vapors and combustion products,
gasoline contributes in a decisive way to polluting the biosphere. The gasoline-car
combination has turned progressively into an ecological and health problem, affect-
ing the physical, chemical, and biological equilibria of the earth’s biosphere, likely
with aparallel effect on the health of man. Our awareness of the size and urgency of
the ecological and health hazard calls for the promotion of strategiesto deal with the
problem.
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Technological improvements may include: (1) producing less polluting gasolines
in terms of both vapors and compounds generated by combustion; (2) designing en-
gines geared to alower emission of combustion products; and (3) producing systems
for containing combustion products (such as catalytic converters). Producing less
polluting gasolines calls for biomedical research aimed at identifying the potential
toxic and carcinogenic effects of various kinds of gasoline, their components and
combustion products, gauging what point such effects have currently reached, and
producing a comparative eval uation of the risks. While theintroduction of new fuels
and gasoline additives may decrease certain components that are toxic to health and
to the environment, it may generate new ones. No new fuel should be introduced as
an improvement until research has proven it safe.

In 1975, the laboratory of the Cancer Research Center of the Ramazzini Founda-
tion (CRC/RF) started a systematic project of carcinogenicity bioassays on: (1) var-
ious types of gasolines and other petroleum-derived fuels, namely, European
unleaded gasoline (with a high content of aromatics), unleaded reformulated gaso-
line, leaded gasoline, gasoline containing 3% methyl alcohol, gasoline containing
5% ethyl alcohol, gasoline containing 15% methy! tert-butyl ether (MTBE), gaso-
line containing 15% ethyl tert-butyl ether (ETBE), kerosene, diesel fuel, and naph-
tha; (2) some of the major aromatic components such as benzene, toluene, xylenes,
ethylbenzene, and 1,2,4-trimethylbenzene; (3) various types of octane enhancers
such as the oxygenated additives methyl alcohol, ethyl alcohol, MTBE, ETBE, ter-
tiary-amyl-methyl ether (TAME), di-isopropy! ether (DIPE), and the isoparaffin
2,2,4-trimethylpentane (TMP); (4) automobile exhaust and combustion products of
note in oxygenated additive-containing gasolines such as formaldehyde and acetal-
dehyde; and (5) catalysts such as artificial zeolites and precursors used in petroleum
refining.

For the CRC/RF project on fuels, 51 carcinogenicity bioassays have been per-
formed, 42 industrial products studied, and more than 20,000 experimental animals
used. This project is, to our knowledge, unique. The results of the experiments on
European unleaded gasoline with a high content of aromatics,! leaded gasoline,!
kerosene,! diesel fuel,! benzene,? toluene,! xylenes,! ethylbenzene, 1,2,4-trimethyl
benzene,! MTBE,3 ETBE,* and preliminary results on formaldehyde® have been
published. This report outlines the final results of the carcinogenicity experiments
performed at the CRC/RF on methyl alcohol and ethyl alcohol, two compounds pro-
posed as oxygenated additives/alternative fuels.

Methyl alcohol is aclear, colorless, volatile, flammable liquid with a mild alco-
holic odor. It is miscible with water and many organic solvents and forms many bi-
nary and zeotropic mixtures.® Methy! alcohol (CH30H) has a molecular weight of
32.04. Most methyl alcohol is produced by catalytic conversion of pressurized syn-
thesis gas (hydrogen, carbon monoxide, and carbon dioxide) in the presence of me-
tallic heterogeneous catalysts.”8 Since 1979, the world production of methy! alcohol
has steadily increased and is now greater than 30 million tons per year.®

Approximately 70% of the methyl alcohol produced worldwide is used as feed-
stock and for the chemical synthesis of formaldehyde, MTBE, acetic acid, methyl
metacrylate, and dimethy! terphtalate.? Methyl alcohol is a potential substitute for
petroleum. It can be directly used in fuels as a replacement for gasoline and as an
additive in gasoline and diesel fuel. Methyl alcohol is favored over conventional
fuels because of its lower ozone-forming potential, lower emission of some pollut-
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ants, particularly benzene, polycyclic aromatic hydrocarbons, and sulfur com-
pounds, and its low evaporative emissions. On the other hand, the possibility of
higher formal dehyde emissions, its higher acute toxicity, and, at present, lower cost-
efficiency favor conventional fuels.1® Methyl alcohol is not usually used alone but
isincluded in solvent mixtures.1!

Methyl alcohol occurs naturally in humans, animals, and plants.1220 Natural
emission sources of methyl alcohol include volcanic gasses, vegetation, microbes,
and insects.2123 |n 1994, the U.S. EPA reported that methyl alcohol was the most
released chemical to the environment.24

Urban air levels of methyl alcohol of 10.5-131 pg/m?3 (8—100 ppb) have been re-
ported.23 If methyl alcohol, either 100% or in gasoline blends, becomes a major
automotive fuel, emissions of methyl alcohol may arise as uncombusted fuel in
exhaust or from evaporation during refueling.2> Some methyl alcohol exposure con-
centrations have been postulated for various scenarios. For instance, in a public ga-
rage, if 100% of vehicles were fueled with methyl alcohol, air concentrations were
projected to be 150 ppm. In most cases, exposure of the general public would be
brief but repeated over time.26

Data on the occurrence of methyl alcohol in water, particularly drinking water,
are limited. Methyl alcohol was identified in water in 24 locations in the United
States during the period 1974-1976.27 The frequency of occurrence was as follows:
finished drinking water, 12; effluents from chemical plants, 6; effluent from sewage
treatment, 4; effluent from paper and latex production, 1.

Dietary methyl alcohol can arisein large part from fresh fruit and vegetables. The
methy| al cohol content of fresh and canned fruit juices, principally orange and grape-
fruit juices, varies considerably and may range from 1-43 mg/L to 12-640 mg/L,
with an average of 140 mg/L.28-30 Fermented and distilled beverages can contain
high levels of methyl alcohol .31 The sweetening agent aspartame hydrolyzes in the
gastrointestinal tract to become free methy! alcohol .2

The primary routes of methyl alcohol exposure are inhalation and ingestion.
Methyl acohol distributes readily and uniformly in tissuesin direct relation to their
water content. In all mammalian species studied, methyl alcohol is metabolized in
the liver by seguential oxidative steps to formaldehyde, formic acid, and COz.6
However, there are wide differences in the route of formate oxidation among differ-
ent species that determine the sensitivity to methyl alcohol.® Oral administration to
rats showed an LD in the range of 7.4-13 g/kg bw.32

Invitro andin vivo mutagenicity studies on methyl alcohol, such asthe Amestest,
somatic mutation assay in CH-V 79 cells, chromosome aberrations, sister chromatide
exchanges, and the micronucleus test in mice, were al reported to be negative.33:34
There are no reports of genotoxic, reproductive, or developmental effectsin humans
from methy! alcohol exposure.®

Although more than 30 million tons per year of methyl alcohol are produced,
carcinogenicity studies are less than adequate. In two carcinogenicity studies, per-
formed by the New Energy Development Organization (NEDO) in Japan, in which
B6C3F; mice and Fisher 344 rats of both sexes were exposed by inhalation to 10,
100, and 1,000 ppm methyl alcohol for 20 hours/day for 18 and 24 months, respec-
tively, no evidence of carcinogenicity was found in either species.33: 34

In apilot study performed at the CRC/RF, Sprague-Dawley rats were exposed to
15 or 0 ppm methyl alcohol administered in drinking water for 104 weeks and then
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observed until spontaneous death. Anincreasein theincidence of total malignant tu-
mors and leukemia (mostly in males) was observed.® The final results of this study
are reported in this volume in the report on formaldehyde.

Ethyl alcohol (CH3;CH,OH) has a molecular weight of 46.07. Ethyl alcohol may
be produced from fermentation and petroleum ethylene synthesis.3> Ethyl alcohol is
one of the most widely produced, used, and diffused compounds at the global level.

The ethyl alcohol contained in alcoholic beverages (wine, beer, spirits, etc.),
amounted to an annual world production in the mid-1980s of over 110 million
hectoliters.36 Thetotal fuel ethyl alcohol production worldwide was around 200 mil-
lion hectolitersin 2001. If all recently announced ethyl alcohol projects are imple-
mented, the total worldwide ethyl alcohol fuel production could grow to 310 million
hectoliters by 2006.3”

Ethyl alcohol is used in many industrial processes, namely, the pharmaceutical,
cosmetic, and synthetic rubber industries, as an antifreeze and as a solvent or pro-
cessing agent for various purposes.38 Ethyl alcohol is naturally present in alcoholic
beverages as a consequence of fermentation of carbohydrates with yeast.3?

Ethyl alcohol is proposed as a fuel, as an oxygenated additive of gasoline, and as
a precursor of ETBE, a synthetic additive of gasoline, an alternative to/competing
with the oxygenated additive most commonly used today, MTBE. The possibility
that ethyl alcohol may be widely used as afuel, as an oxygenated additive of gaso-
line, or in the production of ETBE increases the risk of its diffusion in surface and
groundwater during production, storage, transportation, and use, as from the emis-
sion of exhaust from vehicles as an unburned product of gasoline combustion. The
combustion of ethyl acohol and its metabolic transformation in the body produce
acetaldehyde which, according to datain the literature and the resul ts of experiments
conducted at CRC/RF reported in this volume, has a carcinogenic potential in labo-
ratory animals.

Data on the air concentration of ethyl alcohol are few. The average ambient level
inair inthecity of Porto Alegre, Brazil, where vehiclesrun entirely on ethyl alcohol,
is 0.023 mg/m?3 (12 ppb).#0 Atmospheric degradation is predicted to be rapid.*!
Ethyl alcohol rapidly degradesin groundwater and is not expected to persist beyond
source areas. Ethyl alcohol in surface water is expected to undergo rapid biodegra-
dation as long as it is not present in concentrations directly toxic to microorgan-
isms.#142 Ethyl alcohol is not likely to accumulate or persist long in the
environment.3°

Although agreat deal of information on the toxicological and health effects of in-
gested ethyl alcohol asabeverageisavailable, relatively littleis known about its ef-
fects by inhalation exposure, which is relevant to its use as a fuel. About 60% of
inhaled ethyl alcohol is retained by the body; the gastrointestinal tract completely
absorbs ethyl alcohol in 2 to 6 hours; dermal absorption is insignificant.*344 From
the portals of entry, ethyl alcohol distributes fairly uniformly throughout all tissues
and organs, including the cerebrospinal fluid, brain, and, in pregnant human and lab-
oratory animals, placenta and fetal tissues.#344 Ethy| alcohol is metabolized to ace-
taldehyde, which is then metabolized to CO, and water.*°

Many epidemiologic studies have shown a positive relation between alcohol
intake and excess tumors of the oral cavity, pharynx, larynx, esophagus, and liver.46
These studies, however, do not show the total carcinogenic potential of ethyl alco-
hol. Ethyl alcohol has been the subject of 18 experimental studies on rodents, all of
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them considered less than adequate for the evaluation of carcinogenic potential .6
Ethyl acohol, given in association with nitrosamine or vinyl chloride, increases the
carcinogenic potential of these compounds.#® Because of the expansion in the use
and diffusion of ethyl alcohol in the workplace and environment and the lack of ad-
equate experimental datato evaluate its carcinogenicity, experiments on ethyl alco-
hol described herein were performed.

MATERIALSAND METHODS

Methy! alcohol isproduced by J.T. Baker, Deventer, Holland, and has apurity grade
of 99.8%. Ethyl alcohol was supplied by “CARLO ERBA” pharmaceutica products,
Milan, Italy, in 1-liter glass bottles every 3 months; its purity was higher than 99.8%.
The impurities were the following: acidity (acetic acid) <0.001%; akalinity (NHz)
<0.0001%,; carbonyl compound (CO) <0.0005%; isopropy! alcohol <0.003%; metha-
nol (CH3;0H) <0.01%; residue on evaporation <0.001%; H,0 <0.2%.

During the experiment, both compounds were stored at a temperature of 4°C.
Methyl alcohol was administered in drinking water at concentrations of 20,000,
5000, 500, or 0 ppm supplied ad libitum for 104 weeksto groups of male and female
Sprague-Dawley rats beginning at 8 weeks of age. Control animals received tap wa-
ter. The experiment on methyl alcohol started in April 1990 and ended after 153
weeks with the death of the last animal at 161 weeks of age.

Ethyl alcohol was administered in drinking water at concentrations of 10% or 0%
supplied ad libitumto groups of male and female Sprague-Dawley rats; breeders and
offspring were included in the experiment. Treatment started at 39 weeks of age
(breeders), 7 days before mating, or from embryo life (offspring) and lasted until
their spontaneous death. Control animals received tap water. The experiment on eth-
yl alcohol started in January 1986 and ended with the death of the last offspring at
179 weeks of age. Experiments were performed according to Good L aboratory Prac-
tices (GLP) and Standard Operating Procedure (SOP) of the CRC/RF.

Animals were identified by ear punch and housed in groups of five in makrolon
cages (41 x 25 x 15 cm) with astainless steel wire top; ashallow layer of white wood
shavings served as bedding. The animals were kept in asingleroom at 23 + 2°C and
50-60% relative humidity.

Each morning, residual liquids from the previous day were removed, and the
glass drinking bottles were washed and filled with fresh solution. Mean daily drink-
ing water and feed consumption and weight were determined once weekly for the
first 13 weeks and then every 2 weeks for 104 weeks. Thereafter, animals were
weighed every 8 weeks until the end of the experiment. Status and behavior of ani-
mals were examined 3 times daily, and they were submitted to clinical examination
for gross changes every 2 weeks.

Upon death, animals underwent systematic necropsy. Histopathology was rou-
tinely performed on the following organs and tissues: skin and subcutaneous tissue,
brain, pituitary gland, Zymbal glands, parotid glands, submaxillary glands, Harderi-
an glands, cranium (with oral and nasal cavities and external and internal ear ducts)
(5 sections of head), tongue, thyroid and parathyroid, pharynx, larynx, thymus and
mediastinal lymph nodes, trachea, lung and mainstem bronchi, heart, diaphragm,
liver, spleen, pancreas, kidneys, adrenal glands, esophagus, stomach (fore and glan-



TABLE 1. Long-term carcinogenicity bioassays on methyl alcohol administered with drinking water supplied ad libitum to male (M)
and female (F) Sprague-Dawlwy rats

NUMBER AND PERCENTAGE OF MALF, AND FEMALE SPRAGUE-DAWLEY RATS BEARING VARIOUS TYPES OF BENIGN AND MALIGNANT TUMORS®

Groups
1: 20,000 ppm, v/v 11: 5,000 ppm, v/v I1I: 500 ppm, viv IV: 0 (control)

Site Male Female Male Female Male Female Male Female

Histotype No. % No. % No. % No. % No. % No. % No. % No. %
Skin

Acanthoma 0 - 0 - 1 1.0 0 - 0 - 0 - 1 1.0 0 -

Dermatofibroma 0 - 0 - 1 1.0 0 - 1 1.0 0 - 1 1.0 0 -

Squamous cell carcinoma 0 - 0 - 0 - 0 - 1 1.0 0 - 0 - 0 -

Sebaceous adenocarcinoma 0 - t 1.0 0 - 0 - 0 - 0 - 0 - 0 -
Subcutaneous tissue

Fibroma 0 - 4] - 0 - 0 - 0 - 0 - 1 1.0 0 -

Fibrolipoma 0 - 0 - 0 - 0 - 1 1.0 0 - 0 - 0 -

Fibroangioma 0 - 0 - 0 - 0 - 0 - 0 - 1 1.0 0 -

Fibrosarcoma 1 1.0 0 - 0 - 0 - 0 - 0 - 0 - 0 -

Liposarcoma 0 - 0 - 2 2.0 0 - 0 - 0 - 0 - 0 -

Rhabdomyosarcoma 4] - 0 - 0 - 0 - 0 - 0 - 1 1.0 0 -
Mammary glands

Fibroma and fibroadenoma 6(7) 6.0 40(72) 40.0 6 6.0 42(53) 42.0 6 6.0 47(63) 47.0 3 30 48(82) 48.0

Fibrolipoma 0 - 0 - 0 - 1 10 0 - 0 - 0 - 1 1.0

Lipoma 1 1.0 2 2.0 2 2.0 0 - 1 1.0 0 - 1 1.0 0 -

Adenocarcinoma 2 2.0 711 7.0 2 2.0 5 5.0 0 - 8(10) 80 0 - 8(9) 8.0

Carcinosarcoma 0 - 2 2.0 0 - 0 - 0 - 0 - 0 - 0 -

Fibrosarcoma 0 1 1.0 1 1.0 0 - 0 - 0 - 0 - 0 -

Liposarcoma 0 - 0 - 2 2.0 1 1.0 3 3.0 1 1.0 23) 20 3 3.0

Angiosarcoma 0 - 0 - (] - 1 1.0 1 1.0 0 - 4] - 0 -
Zymbal glands®

Sebaceous adenoma 0 - 2 2.0 1] - 0 - 0 - 0 - 0 - 0 -

Carcinoma 3 3.0 4 4.0 2 2.0 3 3.0 2 2.0 3 3.0 1 1.0 1 1.0
Ear ducts”

Carcinoma 2429) 240 1921) 190  17(20) 17.0  16(20) 16.0 13(16) 13.0  8(10) 8.0 9(10) 9.0 910) 9.0
Nasal cavities”

Carcinoma 0 - 1 1.0 0 - 0 - 1 1.0 1 1.0 1 1.0 0 -

Neuroblastoma 0 - 0 - 1 1.0 0 - 0 - 0 - 0 - 0 -

—continued
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TABLE 2. Long-term carcinogenicity bioassays on methyl alcohol administered with
drinking water supplied ad libitum to male (M) and female (F) Sprague-Dawley rats

TOTAL MALIGNANT TUMORS

Mali&nant tumors

Group  Concentration Animals Tumor-bearing animals Tumors
No. (ppm, v/v) Sex No. No. % No. Per 100 animals
i 20,000 M 100 70 70.0 "¢ 104 1040 ™
F 100 63 63.0 "¢ 95 950 ™
M+F 200 133 66.5 199 99,5
I 5,000 M 100 64 64.0 ** 97 97.0 ™
F 100 48 480 ** 73 73.0
M+F 200 112 56.0 170 85.0
I 500 M 100 55 55,0 ** 78 78.0
F 100 48 48.0 ** 72 72.0
M+F 200 103 51.5 150 75.0
v 0 M 100 50 50.0 66 66.0
F 100 43 43.0 60 60.0
M+F 200 93 46.5 126 63.0

- p<0.01 using 2 test
#4 1<0.01 using Cochrane-Armitage test for dose-response relationship

dular), intestine (four levels), urinary bladder, prostate, gonads, interscapular fat
pad, subcutaneous and mesenteric lymph nodes, and any other organs or tissueswith
pathologic lesions. All slides were examined microscopically by the same group of
pathologists; a senior pathologist reviewed all tumors and any other lesion of onco-
logic interest. All pathol ogists followed the same criteria of histopathological eval-
uation and classification. Multiple tumors of different type and site, of different type
in the same site, of the same type in bilateral organs, of the same type in the skin, in
the subcutaneous tissue, and in mammary glands, or at distant sites of diffuse tissue
(i.e., bones and skeletal muscle) were plotted as single/independent tumors. Multiple
tumors of the sametypein the same tissue and organ (including those of the bilateral
organs) were plotted only once.

Statistical analysis was performed using the x?2 test to evaluate differences in tu-
mor incidence between treated and control groups. The Cochrane Armitage test was
used to evaluate dose-response relations.

RESULTS

Methyl Alcohol

There were no noteworthy changes in beverage or feed consumption apart from
adecrease in water consumption in females treated with the highest dose between 8



TABLE 3. Long-term carcinogenicity bioassays on methyl alcohol administered with drinking water supplied ad

libitumto male (M) and female (F) Sprague-Dawley rats

CARCINOMAS OF THE HEAD AND NECK

Animals with carcinomas

Zymbal Nasal Oral cavity,

Group Concentration __Animals glands Ear ducts® cavities tongue and lips Pharynx  Larynx Total

No. (ppm, v/v) Sex No. No. % No. % No. % No. % No. % No. % No. %
I 20,000 M 100 3 30 24(52407% 0 - 1 1.0 0o - 1 1.0 29 29.0 ™%
F 100 4 40 19(2)19.0% 1 1.0 1 1.0 0 - - 25 250°7%

M+F 200 7 35 43 215 1 05 2 1.0 0 - 105 54270
o 5,000 M 100 2 20 173)170%* o - 2 2.0 1 1.6 0 - 2220%"
F 100 3 30 16@)160%* 0 - 0 . 0 - 0 - 19190 °*

M+F 200 5 25 33 165 0 - 2 1.0 1 05 0 - 41 205
111 500 M 100 2 20 13®13.0* 110 o - 0 - 0 - 16 160 **
F 100 3 30 8(2) 80* 110 0 . 1 10 0 - 13130°%

M+F 200 5 25 21 105 2 1.0 0 - 1 05 0 - 29 145

v 0 M 100 1 10 9(1) 9.0 110 1 1.0 0 - 0 - 12 120

F 100 1 10 9(1) 9.0 0 - 3 3.0 0o - 0 - 13 130

M+F 200 2 10 18 9.0 1 05 4 2.0 0 - 0 - 25125

? Between brackets the number of animals with bilateral tumors
) p<0.05 using x2 test
" p<0.01 using xz test
* p<0.05 using Cochrane-Armitage test for dose-response relationship
#¢ 1<0.01 using Cochrane-Armitage test for dose-response relationship
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TABLE 4. Long-term carcinogenicity bioassays on methyl alcohol
administered with drinking water supplied ad libitum to male (M)
and female (F) Sprague-Dawley rats

OSTEOSARCOMAS OF THE HEAD AND OTHER SITES

Animals with osteosarcomas
Group Concentration Animals Head Other sites Total
No. (ppm,v/v) Sex No. No. % No. % No. %

1 20000 M 100 11 1.0 1 10 12 12.0
F 100 6 60 0 - 6 6.0
M+F 200 17 85 1 05 18 90
I 5000 M 100 13 130 0 - 13 13.0
F 100 3 30 0 - 3 3.0
M+F 200 16 80 0 - 16 80
I 500 M 100 6 60 1 10 7 70

F 100 4 4.0 1 10 5 50
M+F 200 10 5.0 2 10 12 6.0

v 0 M 100 6 6.0 2.0 8 8.0
F 100 1 10 1.0
M+F 200 7 35 2 10 9 45

[l 8}
"
—

and 56 weeks of age. A slight increase was observed in the body weight of males
and, to a lesser extent, of females treated with the highest dose. No substantial
changes in survival or behavioral changes were observed among the groups. No
treatment-related nononcologic pathol ogical changes were detected by gross inspec-
tion or histopathological examination.

The occurrence of benign and malignant tumorsisshownin TasLE 1. Differences
observed between treated and control animals were: (1) a dose-related increase of
total malignant tumorsin males and females of treated groups (TABLE 2); (2) adose-
related increase of carcinomas of the head and neck, mainly in the ear ducts, in males
of treated groups and in females treated with 20,000 and 5,000 ppm (TABLE 3); (3)
adtatistically significant increase (P <0.01) of testicular interstitial cell hyperplasias
and adenomas in the group treated with the highest dose; (4) an increasein sarcomas
of the uterus at the highest dose; (5) a dose-related increase in osteosarcomas of the
head in males and females of the treated groups (TABLE 4); and (6) a dose-related
increase in hemolymphoreticular neoplasias in males and females of the treated
groups (TABLE 5).

Ethyl Alcohol

The intake of beverages and feed was lower in treated than control animals. No
significant differences in body weight or behavior were observed between treated
and control animals. No significant differences occurred in survival between treated
and control animals, with the exception of a lower survival of treated female off-



TABLE 5. Long-term carcinogenicity bioassays on methyl alcohol administered with drinking water supplied ad libitum to male (M) and
female (F) Sprague-Dawley rats

HEMOLYMPHORETICULAR NEOPLASIAS AND THEIR DISTRIBUTION BY HISTOCYTOTYPE

Animals with hemolymphoreticular neoplasias
Lymphoblastic Lymphoblastic Lymphocytic Lymphoimmuno-  Histiocytic sarcoma  Myeloid

Group Concentration _ Animals Total® lymphoma’ leukemia lymphoma® blastic lvmphom_a_b_ monocytic leukemia’  leukemia’
No. (ppm, v/v) Sex No. No. % No. % No. % No. % No. % No. % No. %
I 20,000 M 100 40 400 1 2.5 0 - 0 - 37 92.5 1 2.5 1 25
F 100 28 280" 1 36 0 - 0 - 21 75.0 3 10.7 3107

M+F 200 68 34.0 2 29 0 - 0 - 58 853 4 59 4 59

11 5,000 M 100 36 36.0 1 2.8 0 - 0 - 28 77.8 1 2.8 6 16.7
F 100 24° 240 . 1 42 0 - 0 - 19 79.2 2 8.3 3125

M+F 200 60° 30.0 2 33 0 - 0 - 47 78.3 3 5.0 915.0

11 500 M 100 35 350 3 8.6 0 - 0 - 24 68.6 4 114 4114
F 100 24 240 1 4.2 0 - 1 4.2 17 70.8 2 8.3 3125

M+F 200 59 29.85 4 6.8 0 - 1 1.7 41 69.5 6 10.2 7119

1\% 0 M 100 28 280 1 36 0 - 0 - 16 57.1 3 10.7 8 28.6
F 100 13 13.0 0 - 0 - 0 - 9 69.2 1 1.7 3231

M+F 200 41 205 1 24 0 - 0 - 25 61.0 4 98 11 26.8

® Percentages refer to the number of animals at start

b Percentages refer to the number of animals bearing hemolymphoreticular neoplasias
¢ One animal bore a lymphoimmunoblastic lymphoma and myeloid leukemia

* p< 0,05 using % test
* p<0.05 using Cochrane-Armitage test for dose-response relationship
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TABLE 6. Long-term carcinogenicity bioassays on ethyl alcohol administered with drinking water supplied ad libitum to male
(M) and female (F) Sprague-Dawley rats

NUMBER AND PERCENTAGE OF MALE AND FEMALE SPRAGUE-DAWLEY RATS BEARING VARIOUS TYPES OF BENIGN AND MALIGNANT TUMORS?

Groups
I: Ethy! alcohol 10% 11: Drinking water {11: Ethy! alcohol 10% 1V: Drinking water
(Breeders) (Breeders) (Offspring) (Offspring)
Site Male Female Male Female Male Female Male Female
Histotype No. % No. % No. % No. % No. % No. % No, % No. %
Bones
- Head
Osteosarcoma 8 73 6 5.5 4] - 4 36 6 20.0 4 103 4 82 3 5.5
- Other sites
Osteosarcoma 4 36 0 - 1 0.9 0 - 0 - 1 2.6 0 - 0 -
Chondrosarcoma 0 - 0 - 0 - 0 - 1 33 0 - 0 - 0 -
Soft tissues
Liposarcoma 0 - 0 - 0 - 0 - 1 33 0 - 0 - 0 -
Heart
Malignant Schwannoma 0 - 2 18 1 09 1 09 0 - 0 - 0 - 0 -
Thymus
Malignant thymoma® 0 - [} - 0 - 1 0.9 0 - 0 - 0 - 0 -
Spleen
Fibroma 0 B 0 - 1 0.9 g - 0 - 0 - 0 - 0 -
Fibroangioma 2 1.8 0 - 1 09 0 - 0 - 1 2.6 1 2.0 0 -
Mesenteric lymph nodes
Fibroangioma 1 0.9 0 - 1 0.9 0 - 2 6.7 1 2.6 1 20 1 1.8
Hemolymphoreticular tissue®
Lymphomas and leukemias 39 355 46 418 35 318 17 155 9 30.0 8 20.5 8(10) 204 11 20.0

? Between brackets the number of tumors (one animal can bear more than one tumor)
© See table 8
¢ In 96% of cases the tumor itself is composed of a mixture in varying proportions of epithelial cells and lymphocytes. In the remaining 4%, only epithelial cells are present. We consider that 2 tumor

composed exclusively of lymphocytes should not be classified as a thymoma but as a lymphoma involving the thymus.
4 Including thymus, spleen and mesenteric lymph nodes

—continued

S3ADN3IOS 40 ANIAVIVY MHOA MANSTVNNY



61

CARCINOGENICITY OF METHYL AND ETHYL ALCOHOL

SOFFRITTI et al.:

panu puod—

- 0 - 0 - 0 €€ 1 81 4 81 T 81 4 60 I rwojsTiqonau LI0REJ0

81 1 - 0 - 0 - 0 60 I 81 4 60 1 LT € BWIOUIOIE)
SOTHARD JeseN

e (9% o (e FST 9 Lot ¢ 78 6 $s 9 v9 (6L L S BUIOUIOIED)
Sionp ey

o € - 0 9T 1 - 0 8T (e 81 z ss (W9 LT € BUIOUIOIE))

81 i - 0 - 0 - 0 - 0 - 0 - 0 - 0 BUIOUSPE SNOIVBGIS
SPUR[S [eqQUIAZ

- 0 - 0 - 0 - 0 - 0 - 0 60 1 - 0 BwIoUSpY
spue(S ueLspIEy

- 0 - 0 - 0 - 0 - 0 60 1 - 0 - 0 vuooesotdiy

81 1 - 0 - 0 - 0 - 0 - 0 - 0 - 0 euwoosesody']

g1 T - 0 - 0 - 0 - 0 - 0 - 0 - 0 BLIODIBSOATIOIY ]

81 1 - 0 - 0 - 0 - 0 - 0 60 1 - 0 BLO2IBSOIqL]

16 (9% - 0 6Ll (0L - 0 €L 8 - 0 001 GDIT 60 1 BWOUIDIEI0USPY

- 0 0T I - 0 - 0 60 I - 0 - 0 - 0 ewiodr]

- 0 - 0 - ¢} €€ 1 - 0 - 0 - 0 - 0 ewiodijoiqly

8P (SEET 19 € 8'gs (£O1T - 0 78e (e9y LT € €Lz (evdoe  +9 (e BWIOUDPEOIGYJ PUT BUIOIGL
spue[d Kreunuepy

- 0 - 0 - 0 - 0 - 0 60 1 - 0 - 0 BUIOIIESOIAOLIS]

g1 (O - 0 - 0 - 0 - 0 - 0 - 0 - 0 PWOOIESOAWOPQUYY

- 0 - 0 - 0 - 0 - 0 81 14 - 0 - 0 ewioqy
ANSS} SNoAUBNIQNY

- 0 - 0 - 0 - 0 60 1 - 0 - 0 - 0 BUIOUIDIEO JEN{[3005eg]

- 0 - 0 - 0 - 0 - 0 60 1 - 0 - 0 BWOUIOIES [[20 snourenbg

- 0 - 0 - 0 €€ 1 - 0 60 1 - 0 - 0 BUIOYIUBY
unjs

% _ON % _ ON % _ ON % _ ON % _ ON % _ON % _ON % __ ON SdRyOIIH
Jleusd,] e s[ewiag e alewn ] BN sreusn ] e ang

(quudsgo) (Bundsyo) (ssopaalg) (siepaesg])
Jojem SuDyuL <Al %01 [OY40d[® [AWd [l Jorem Sunfulic] ‘J1 %01 [0Y0oe JAy1g 1
sdnoiry

SAYONNL INVNOTTVIN ANV NOINEL J0 SHdAL SNOIMVA ONRIVIL SLVY AT TMVI-NOVEIS ITYNIA ANV ITVIN JO FOVLINIDYEd ANV YAINNN

panunuod "9 3719V.1L



ANNALSNEW YORK ACADEMY OF SCIENCES

- 4] - 0 - 0 ~ 0 - 4] - 0 - 0 60 1 BUIOOIBSOIIY
- 0 - 4] 9T 1 - 0 - (4] - 0 - 0 - 0 ewiooresodi|
- 0 - o} - 0 - 0 - 0 - 0 60 1 - 0 ewoisejqomdaN
8’1 1 - 0 - 0 - 0 60 1 - 4] 60 1 60 1 BIOUIDIBI0UIPY
sfaupry
- 0 . 0 97 i - 0 - 0 60 1 60 1 - 0 BWIOUOTED [J90 19]S]
81 1 (4 S Y k4 £'E 1 81 T 9t 4 60 1 §'§ 9 BLIOUSPE ]33 1315]
U@.:C _quvo| - 0 - 0 - 0 60 1 60 1 81 4 871 T BLUOUIPE JULIOXY
sEaloueg
81 1 - 0 - 0 - 0 - 0 - 0 81 T - 0 BWOOTRSOISUY
81 1 01 S I's T e 1 - 0 - 0 8’1 4 60 1 rwouRRIEa0tedaH
81 1 - 0 - 0 - 0 - 0 - 0 8’1 [4 - 4 BwioIBuT[oU)
AL
- 0 - 0 - 0 - 0 60 1 60 1 - 0 - 0 BWOUIIIEIOUPY
YIBWIO]S JRJOpUREL) -
- 0 - 0 9T 1 £e 1 - 0 - 0 LT € 8’1 T BLIOUIDIET)
9'€ 4 (144 1 s 4 - 0 60 1 60 1 LT € £L 8 BUIOYIURYY
YORWIOISIO -
YORWIOS
- 0 - 0 - 0 - 0 - 0 - 0 60 T - 0 BLIOUWIDIEY)
sneydosyy
81 1 - 0 - 0 - 0 - 4] - 0 - 0 - 0 BUIODIBSOAIUOI
- 0 - 0 - o - 0 60 1 - 0 - 0 - 0 BUOUIOIBOOUOPY
- 0 - 0 - 0 - 0 - 0 - 0 60 1 - 0 TWOULaIED (|90 snowenbg
- 0 - 0 - 0 £E [ - 0 - 0 - 0 - 0 Boidurolql ]
- 0 - 0 - 0 - 0 - 0 - 0 60 1 - 0 ewoqry
Bunry
- 0 - 0 - 0 - 0 - 0 - 0 60 1 - 0 BLIOUIOIED)
voyoRl],
8l 1 - 0 - o - 0 - 0 - 0 60 1 - 0 BLOUDIED
KuALe]
- 0 - 0 - 0 - 0 60 1 60 1 - 0 - 0 BUIouRED
Fusteyd
- 0 - 0 9T 1 £'e 1 - 0 - 0 - 0 9t ¥ BuoudE)
LrsuoL
133 € 'y 4 s8¢ SI 00g 6 8’1 4 LT € 600 T 00T 11 BWOULIRY
- 0 - 0 9T 1 - 0 60 1 - 0 - 0 - 0 rwioueYy
oSCIL U AHAPO [BI0
% ON % ON % ON % ON % oN % ON % ON % ON adAjoIsTH
aeway EEm e | e S[ewd | EGON S[ewa SR g
(Suudsgo) (Buudsgo) (s10po21g) (s30pasig)
Jorem Sunfuri(l ‘AT %01 [O403[E AW ‘TII Jorem JupfuLiy |11 9601 10400[® AW ‘[
sdnoiry

WSYOW/LL INVNOITVIA ANV NOINAH JO STLAL SAORIVA ONNVHY SIVY ATTMVA-T10VIS ITVINHA (INV IV 40 2OV INIOYUd ANV TUENNN

62

psnunuod ‘9 3719Vv.L



63

CARCINOGENICITY OF METHYL AND ETHYL ALCOHOL

SOFFRITTI et al.:

psnuUIUGd— 57 - 0 -0 - 0 - 0 g1 T 60 I

81 I3 - 0 60 1 60 [

BLIOIIYIOSAIN
wWnaUoLa ]

PLIOUUEMYOS TURUSIRI
eudep @ snaoin)

N 0 - 0 - 0 60 1 BLI00IeSOISUy
- 0 9T 1 - 0 - 0 BILOOIRSOATHONY
" 0 - 0 - 0 60 1 RUWIO3IBSOIqL,]
- 0 - 4] - 0 60 1 w01 jRYNdaUOLIOYD)
601 9 §0T 8 81 z 8 6 BUIOUIIEOOUSPY
- 0 - 0 9t 14 - 0 wwouIaIEs [[30 snourenbg
81 1 9T 1 - 0 60 I BwoSurolqif
- 0 - 0 81 4 - 0 BWOAWOLY |
- 0 97 I - 0 - 0 (Jowny SPOSONLIGY ) JOW []20 Jejnuey)
LTl L sl 9 tL 8 e ol dsjog
SRl
- 0 - 0 - 0 81 BUIOUTIOIBI0UIPY
- 0 - 0 - Q 60 1 pworduroIqL]
- 0 Le 9 60 (U1 81 (e Jowmy [[30 [[oWsg
- 0 - 0 - 0 60 1 Jowng []32 B ],
- 0 - [¢] 60 1 - 0 Jowuny [[39 BsO[nURI)
- 0 - 0 9t 4 60 T BUIOUSPRISA)
saueAQ
78 v el (O 8 (The 607 (FEET BUIOURPE {[30 [BNHSINU]
$AI59 7,
- 0 - 0 60 1§ - 0 BUIOUIDIBIOUSPY
apeisosd
" 0 £e 1 - 0 60 1 BUWOUIIIBIOUIPY
SO[OISAA [RULILDS
% ON % ON % ON Yo ON % ON % ON % ON %  ON 2dA0¥STH
Q[ Sl (e S[e o[eun [N J[eway S[E ong
(Buudsiz0) (Sundsgo) (s1apoaig]) (s1opaaig)

Jatem Bupjuu( (AL %01 [0403[® AU ‘11T Jopem SubjuL] (I %01 [040are [AY¥ -

sdnoin

LSTONIL INVNOITYWN NV NOINTH 4O SHdAL SNOIYIVA ONIIVA] SIVYE ATTAVA-INHVES TIVINHA ANV TTVIN 0 IOVINTOYEd ANV JHGINNIN

panunuod "9 319Vv.L



TABLE 6. Continued

ANNALSNEW YORK ACADEMY OF SCIENCES

TOTAL MALIGNANT TUMORS

Mali&nant tumors

Group  Concentration Animals Tumor-bearing animals Tumors
No. (ppm, v/v) Sex  No. No. % No. Per 100 animals
i 20,000 M 100 70 70.0 "¢ 104 1040 ™
F 100 63 63.0 "¢ 95 950 ™
M+F 200 133 66.5 199 99,5
I 5,000 M 100 64 64.0 ** 97 97.0 ™
F 100 48 480 ** 73 73.0
M+F 200 112 56.0 170 85.0
I 500 M 100 55 55,0 ** 78 78.0
F 100 48 48.0 ** 72 72.0
M+F 200 103 51.5 150 75.0
v 0 M 100 50 50.0 66 66.0
F 100 43 43.0 60 60.0
M+F 200 93 46.5 126 63.0

- p<0.01 using 2 test

#4 1<0.01 using Cochrane-Armitage test for dose-response relationship



TABLE 7. Long-term carcinogenicity bioassays on ethyl

alcohol administered with
drinking water supplied ad libitum to male (M) and female (F) Sprague-Dawley rats

TOTAL MALIGNANT TUMORS

Group  Concentration

Animals

Maliyant tumors

Tumor-bearing animals

Tumors

No. (%, V/v) Age Sex _ No. No. % No. Per 100 amimals
I 10 39weeks M 110 66 60.0 98 891"
(breedersy F 110 79 718 143 1300 ™
M+F 220 145 65.9 241 109.5
I 0 39weeks M 110 51 46.4 68 61.8
(breeders) F 110 48 436 67 60.9
M+F 220 99 45.0 135 61.4
il 10 Embryos M 30 23 76.7 " 41 1367 ™
(offspring) F 39 26 66.7 64 1641 ™
M+F 69 49 71.0 105 152.2
v 0 Embryos M 49 23 46.9 30 612
(offspring) F 55 31 56.4 53 96.4
M+F 104 54 51.9 83 79.8

- p<0.05 using xz test
- p<0.01 using xz test
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TABLE 8. Long-term carcinogenicity bioassays on ethyl alcohol administered with drinking water supplied ad libitum to
male (M) and female (F) Sprague-Dawley rats

CARCINOMAS OF THE HEAD AND NECK

Animals with carcinomas

Zymbal Nasal Oral cavity,
Group Concentration Animals plands® Ear ducts® cavities  tongue and lips Pharynx  Larynx Total
No. (%, V/v) Age Sex  No. No. % No. % No. % No. % No. % No. % No. %
I 10 39weeks M 110 3 2.7 2 18 3 27 15 136 0 - 0 - 23 209
(breeders) F 110  6(1) 5.5 7@2) 64 1 09 12 1097 0 - 109 27 24.5
M+F 220 9 4.1 9 41 4 1.8 27 123 0o - 1 05 50 22.7
I 0 39weeks M 110 2 1.8 6 55 2 18 327 109 0 - 14 12.7
(breedersy F 110 2(1) 1.8 9 82 1 09 2 18 109 0 - 15 136
M+F 220 4 1.8 15 68 3 14 5 23 209 0 - 29 132
I 10 Embryos M 30 0 - 5 167 0 - 10 3337 0 - 0 - 15 50.0 ™
(offspring) F 39 1 26 6 154 0 - 16 410 0 - 0 - 23 59.0 ™
M+F 69 1 1.4 11 159 0 - 26 377 0 - 0 - 38 55.1
v 0 Embryos M 49 0 - 3@ 61 0 - 2 41 0 - 0 - 5 102
(offspring) F 55 3 5.5 5() 91 1 18 3 55 0 - 1 18 13 236
M+F 104 3 2.9 8 77 1 1.0 5 48 0 - 1 1.0 18 173

? Between brackets the number of animals with bilateral tumors
* p<0.05 using y” test
** p<0.01 using y” test

99
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spring in the period from 104 to 152 weeks of age. No treatment-related nononco-
logical pathological changes were detected by gross inspection or histopathol ogical
examination.

The occurrence of benign and malignant tumorsisshownin TABLE 6. Differences
observed between treated and control animals were: (1) an increase in total malig-
nant tumorsin males and females, breeders, and offspring (TABLE 7); (2) an increase
in total malignant mammary tumors per 100 animals in femal es, breeders, and off-
spring; (3) an increase in head and neck carcinomas, especially of the oral cavity,
lips, and tongue, in males and females, breeders, and offspring (TABLE 8); (4) anin-
crease in sqguamous cell carcinomas of the forestomach in males and femal es, breed-
ers, and offspring; (5) an increase in interstitial cell adenomas of the testisin male
breeders (P < 0.05) and offspring; (6) an increase in Sertoli cell tumors (ovary) in
female offspring; (7) an increase in adenocarcinomas of the uterusin breeders and
offspring; (8) an increase in pheochromoblastoma in male and femal e breeders and
male offspring; and (9) an increase in osteosarcomas of the head and other sitesin
male breeders (P < 0.01) and offspring and in female breeders and offspring.

CONCLUSIONS

Methyl alcohol and ethyl alcohol were found to be carcinogenic for various tis-
sues and organs. Based on these findings, methyl alcohol and ethyl alcohol must be
considered multipotential carcinogenic agents.

Whether and to what extent methyl alcohol and ethyl acohol exert their carcino-
genic effects directly or through their metabolic products, formaldehyde and acetal-
dehyde, respectively, or by enhancing the effects of endogenous and exogenous
carcinogenic factors are not known. Based on our data, the use and diffusion of me-
thyl alcohol and ethyl alcohol must take into account these pathological effects for
the protection of public health.

It is noteworthy that in the tested experimental conditions, ethyl alcohol was
shown, for the first time, to be carcinogenic to the oral cavity, tongue, and lips. These
sites have been shown to be target organs in man by epidemiologic studies.
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