
SENATE .... No. 60.

State Board of Health, Lunacy, and Charity

To the Honorable the Senate and House of Representatives in General
•url a.

The Board, in reply to the order of the Legislature for the
result of such investigations as they have made in relation to
the qualities of carbonic oxide as an element in illuminating
gas, herewith transmit a copy of the preliminary report of
Professors Sedgwick and Nichols of their experiments in the
matter, made under the instruction and direction of the
Board, and comprehending all the information which the
Board have as the result of their investigations now in pro-
gress.

JOHN D. WELLS,
Clerk.

(Hommomoealtt) of illassadjusctto.
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In the Year One Thousand Eight Hundred and Eighty-five.

To the Board of Health , Lunacy and Charity of Massachusetts :

In presenting a preliminary report on the relative poison-
ous qualities of common illuminating coal gas and the
so-called water gas, and on their probable effect upon the
public health, we desire to say that, while certain points
necessary to the completeness of the investigation still
remain to be elucidated, our experiments have already
enabled us to form a decided opinion with reference to the
matter

It is generally admitted that, while the other ingredients
of illuminating gas are not without their physiological
effects, when breathed with air, in a mixture of which they

form a large proportion, nevertheless the only ingredient
possessed of really toxic properties is carbonic oxide [CO
Of this the intensely poisonous properties are well known,
and they have been so long undisputed that they now belong
to the common stock of science, and no longer require

The effects upon animals confined in small space, of mix-
tures of this gas with air in known proportions, have also
been sufficiently and carefully studied.

It has seemed, therefore, to us, that the problems set
before us'would be solved best, especially from a practical
point of view, not by further work in these well-occupied

€ommonrt)caltt) of Massachusetts.
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fields, but by experiments conducted, as nearly as possible,
under conditions likely to occur in the actual everyday use
of illuminating ga

In making this preliminary report, we shall give briefly
the general results of our investigations, going into details
only far enough to show the convincing character of the
evidence upon which our conclusions are based. We have
experimented with several of the higher animals; viz.,
dogs, cats, rabbits, guinea pigs, and pigeons, and we
have, also, as will be mentioned farther on, observed some-
thing of the direct effects of illuminating gas upon man him-
self. The experiments have been conducted at Newton,
Mass., Middletown, Conn., and Athol, Mass. In each case
gas was taken directly from pipes of the local company, and
our analyses have shown the coal gas distributed in Newton
to contain about seven per cent, of carbonic oxide, while the
water gas supplied in Middletown and Athol contains about
thirty per cent.

The conclusions to which our experiments have led us are
as follows

1. Water gas is decidedly more poisonous than coal
2. Our experiments confirm the work of others in proving

hat carbonic oxide is not a cumulative poison ; that is tonot a cumulative poison; that is to
;ay, the breathing of certain small quantities for a long time

not equivalent in effect to the breathing of a large quantity
for a short time, and this fact has much to do with the dif-
ference between the effects of the two gases. For an atmos-
phere containing a certain small percentage of coal gas may
be breathed for many hours without serious effects, while
an atmosphere containing the same amount of water gas will
be injurious and even fatal

3. In order to produce distinctly poisonous effects by
means of either coal gas or water gas, it is necessary that
the percentage of carbonic oxide in the mixture of gas and
air shall reach a certain amount, and to accomplish this with
coal gas in an ordinary room is a matter of some difficulty,
as we have found, because the natural ventilation which is
all the time going on through the walls, ceiling and floor,
and through the cracks about the doors and windows, per-
mits of so much diffusion, that this, combined with the
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moderate amount of carbonic oxide present in the inflowing
gas, docs not allow the danger line to be easily reached. If
it were not for this fact, accidents from the use of ordinary
coal gas would be much more frequent than they actually
are. With water gas, on the other hand, it is not at all
difficult to reach the danger line; i.e. , to obtain, in an ordi-
nary apartment, a dangerous percentage of carbonic oxide.
This is not, as some suppose, on account of the somewhat
higher specific gravity of the water gas as a whole, for this
fact would influence but slightly the diffusion of the danger-
ous ingredient, carbonic oxide; but rather on account of
the larger proportion of this poisonous ingredient which
water gas contains.

Water gas is therefore not only in itself more poisonous
than coal gas, but is also far more likely to produce injurious
effects from similar accidental causes.

It must not, however, be inferred that a gas containing
twice as much carbonic oxide as another, is necessarily only
twice as dangerous. On the contrary, the danger increases,
particularly with certain percentages, very much morerapidly
than this.

4. Dogs, cats, rabbits and pigeons do not show any
symptoms of poisoning after exposure for many hours to
an atmosphere containing one per cent, of ordinary coal gas,
being apparently able to resist it almost indefinitely; and iu
one case animals wrnre exposed for twenty-four hours to an
atmosphere containing, the greater part of the time, as much
as two per cent, of this gas, without showing symptoms of
anything worse than discomfort and drowsiness.

On the other hand, dogs, cats, rabbits and pigeons, when
exposed to an atmosphere containing from one-half to one
per cent, of the water gas (with which we have experimented
in Middletown, Conn., and Athol, Mass.), have invariably,
by the end of an hour and a half, shown serious symptoms
of poisoning, such as anxiety, salivation, vomiting, deli-
rium, loss of muscular control, etc. ; and death has gener-
ally resulted after five to eight hours’ exposure to an
atmosphere containing not over one per cent.

5. If, instead of comparing the effects of the same per-
centage of the two gases, we consider the time necessary to
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cause poisoning by the use of the same quantities of gas
under the same conditions, we find a contrast not less
striking.

One of our most recent experiments is especially instruct-
ive in this connection, and also from a practical point of
view.

By means of partitions, two rooms one in Newton and
one in Athol were made as much alike as possible, both as
to shape and cubic space. Each room had a capacity of about
700 cubic feet, which was somewhat larger than a room in
Middletown in which a fatal case of poisoning from water
gas actually occurred. Three dogs, two cats and two rab-
bits, all apparently healthy and strong, were placed in the
room in Athol, and the water gas in use there, containing
about thirty per cent, of carbonic oxide, was allowed to flow
in from a single ordinary burner, at the rate of six feet per
hour. The experiment began at 11.15 a.m., and at 12.45
p.m. vomiting, delirium, convulsions, etc., had already been
noted. Half an hour later, all the animals were uncon-
scious, or apparently so, failing to respond to vigorous
knocks and calls. At 2.30 p.m., or about three hours from
the start, the two cats were dead, and the other animals
were prone and quite unconscious. The dogs died at 3,4,
and 6.30 o’clock, respectively, the rabbits, also, at 6.30.
In a word, symptoms of poisoning were well developed in
an hour and a half. Deaths began to occur in a little more
than three hours, and all were dead within eight hours.
This experiment was witnessed by members of your Board.

In the corresponding experiment at Newton, made with
coal gas, containing about seven per cent, of carbonic oxide,
two dogs, two cats, two rabbits and two pigeons were
placed in the room, and the gas was introduced from an
ordinary burner, as before, and at the same rate,— six feet
per hour. The experiment began at Ba. m., and for three
and one-half hours no symptoms of consequence were ob-
served, and then only drowsiness and general anxiety, with
salivation in one case. At 4p. m., i. e., after eight hours,
nothing more than a gradual exaggeration of these symptoms
had occurred. Recovery would apparently have still been
possible, and even easy, at this time.
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After twenty-four hours, i. e., at 8 a. m. of the next day,
one cat and one rabbit were dead, but the others were not
even unconscious, being still responsive to knocks and calls.

It was thought to be desirable to employ different kinds
of animals in these experiments, in order to ascertain
whether or not the effects of these illuminating gases are
so general that an inference may be safely drawn as to their
effects upon human beings. We have observed slight dif-
ference in susceptibility among the animals used ; but differ-
erences, nevertheless, practically unimportant. Incidentally
we have been enabled to note the primary effects upon man
himself, for, while we have frequently entered rooms charged
with coal gas, and, in some cases, have remained com-
paratively long, the effects have never been more than
disagreeable. Oppression and headache have not seldom
resulted from entering in the same way rooms charged with
water gas ; and in one case exposure for a total of one hun-
dred and ten seconds to an atmosphere containing two and a
half per cent, of water gas produced anxiety, trembling,
partial loss of muscular control, slight nausea, and an after
headache of the severest character, lasting for several
hours.

In conclusion, we may say that our opinion, based upon
experiments, is decidedly averse to the general distribution
of the so-called water gas, containing, as it does, a large
proportion of carbonic oxide. This opinion has been
strengthened by our visits to Middletown, Conn., where that
gas has been for some time in use. But as the Health Offi-
cer of your Board has himself visited that city, we do not
feel it necessary to rehearse the facts there ascertained.

Respectfully submitted

(Signed) WM. T. SEDGAVICK.
(Signed) WM. RIPLEY NICHOLS.






