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Office of Gas Inspection,
32 Hawley Street, Boston, Jim. 28, 1885.

To the Honorable the Senate and House of Representatives of the Com-
monwealth of Massachusetts.

The undersigned respectfully submits the following

The whole number of meters inspected during the past
year was eight thousand seven hundred and eighty-seven.
Eight thousand six hundred and nine were either new or had
just been repaired. Any of them found to bo incorrect were
returned to the manufacturers for repairs, and then tested
again.

The number brought to the office and complained of as
incorrect was one hundred and seventy-eight. Of this num-
ber til'ty-one registered against the consumer; the average
error being four and twenty-two hundredths per cent. One
hundred were within the limits allowed by law ; namely two
per cent, either way. Twenty-five registered against the
company, the average error being five and two hundredths
per cent.

The average error of all the meters complained of was
fifty-eight hundredths of one per cent, against the consumer.

€ommonu)tctOi o£ iilassocljuscttß.
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One meter leaked and another would not register. These
were all “ dry ” meters.

These meters about which some complaint was made, of
course, are not a fair average of all the meters in use; and
as the complaints are generally made by consumers, it is
fair to suppose that the meters thus complained of are faster
than those about which no complaint is made.

The results of the inspection of meters complained of in
preceding years are given in the following table ;

Fast Meters. correct Slow Meters. | Total.
__ I „ Meters. i j '

J*o. I Per cent. No. Percent. 1 No. Percent.

Fast.
1872, . . . j 87 4.30 81 32 9.55 : 202 0.32
1873, . . . ! 100 6.43 95 40 6.61 ; 288 1.18
1874, . . . 101 4.76 131 61 6.22 i 285 0.57
1875, . . . ! 123 5.99 142 39 8.17 ! 314 1.33
1876, . . .148 6.19 179 53 9.17 j 881 0.74
1877, ... 93 4.79 125 34 11.00 ; 257 0.28
1878, . . .11l 5.34 180 44 9.51 I 343 0.63
1879, ... 83 6.00 i 91 18 16.20 193 0.64
1880, . . .j 48 4.64 j 62 22 6,59 122 0.52
1881, . . . 41 6.68 72 28 6.44 141 0.33

Slow.
1882, ... 41 4.10 ; 62 21 11.30 127 0.43
1883, ... 11 4.25 j 15 12 18.12 38 2.76

Fait.

1884, ... 51 4.22 1 100 25 5.02 176 058

* The results for the last eight months only.

These results show that of late years there has been
rather less cause for complaint than formerly. I am of the
opinion that the improved condition of the meters is due
principally to the fact that the gas is much better purified
from ammonia than in former years. Ammonia attacks the
leather diaphragms of meters, causing them to contract at
first, and finally, if there is much ammonia in the gas, the
diaphragms become rotten and crack. New raetei's seem to
be more affected than those that have been in use some time.

During the year 1884, over five hundred inspections were
made of the gas furnished by sixty-six gas companies in the
State. Each inspection usually comprised a determination
of the candle-power, and also the amount of sulphur and
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ammonia in the gas. Sometimes the breaking of the apparatus,
which is composed largely of glass, and which is carried
from place to place, rendered it necessary to omit the deter-
mination of the impurities.

The twenty-five larger companies, and also the Fitchburg
company, are provided with stationary disc photometers;
and these were used in determining the candle-power. The
remainder of the inspections were made with a portable pho-
tometer. The only reason why this instrument is not as
reliable and accurate as a stationary one, is because it is
necessary to use a dry meter with it. This dry meter some-
times gets out of order from the rough handling it receives.
As the meter is frequently inspected it is not believed that
any considerable error has resulted from its use.

The law provides that English standard caudles shall be
the unit of comparison for light. There have been many
attempts made to find some better standard of light than a
candle. There has been produced thus far nothing better,
regard being given to all the requirements. The standard
adopted by some foreign electricians, that of melted platinum,
is about as convenient to use as the full moon would be. The
chief objection to the candle is that the light produced is not
always proportional to the quantity of combustible burned.
But if the proper precautions are used the light is very
nearly proportional to the weight of candle burned.

The burner used in testing coal gas was an improved
Sugg’s Argand, the D size being mostly used, but some of
the richer gases required one of the larger sizes. Where
petroleum gas was tested a steatite slit burner was used. The
gas was burned at the rate of about five feet per hour, with
the Argand burner, and from two to three feet per hour with
the open burner. The results are given corrected to a rate
of burning of five feet per hour for the gas and one hundred
and twenty grains per hour for the candle, on the suppo-
sition that the light given is directly proportional to the
amount of combustible consumed.

Mo notice' has ever been given when the tests were to be
made, and the inspections have been distributed in such a
manner, that it was impossible for a company to tell when
they would occur. Whenever practicable the tests were
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made at some distance from the works, and only at the
following places were even a part of the tests made at the
works : Brockton, Chicopee, Clinton, Fitchburg, Gloucester,
Greenfield, Marblehead and Plymouth.

It is desirable to test the gas at some distance from the
works to get a fair sample of the gas delivered to consumers;
but at the places mentioned there seemed to be no other
available place where the test could be made.

The following table contains the average results of the
inspections made during the year 1884;

No.
of

Inspcc-
I

tions
madt*. NAME OF PLACE OR COMPANY. Candle

Tower.
1

Chains per 100
Fekt of Gas of

Sulphur. Ammonia.
I62 Boston, 19.37 11.75 4.17

12 Brookline, ....... 17.57 11.06 13.35

23 Cambridge, 16.95 8.56 2.99

19 Charlestown 17.01 12.43 1-

7 Chelsea, 17.81 10.39 ’ 6.50

10 Dorchester, 16.96 9.14 6.41

9 East Boston, 18.33 8.83 5.44

13 Fall River, 17.34 9.77 3.12

8 Haverhill, 18.07 12.85 2.35

12 Holyoke, 18.27 7.88 3.17

8 Jamaica Plain, 17.66 10.89 7.78

18 Lawrence, 18.12 12.11 3.93

42 Lowell, .......17.46 13.01 3.75

12 Lynn, 17.70 12.43 F3O

7 Malden, 17.75 10.61 2.34

11 New Bedford, 17.06 .10.89 5.02

11 Newton, 17.40 7.88 3.49

32 Roxbury, 18.41 10-27 3.54
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No.
of
Inspcc-
I

lions
made.
I

name of place OB company. Candle
Power.
i

Grains pku 100
Fkkt of Gas of

Sulphur. Ammonia.
13 Salem, 17.95 | 7.83 1.67

14 South Boston, 18.47 10.97 6.38

16 Springfield, 17.49 9.27 1.60

7 Taunton, 17.37 6.74 1-

7 Waltham 16.95 10.20 2.63

22 Worcester, ....... 17.54 11.93 6,60

Average, . . • • • .17.71 10.32 4.15

3 Adams 17.93 6.10 1-

3 Arlington, 17.27 12.15 3.00

2 Athol, 18.75 6.10 1-

3 Attleborough 16.70 13.17 13.77

3 Beverly, ....... 18.27 5.57 14.87

5 Brockton, .17.22 5.66 6.26

3 Chicopee, 16.77 7.41 1.40

4 Clinton 18.42 6.12 1.40

3 Danvers, 18.17 4.63 2.37

3 Dedham, ........ 16.37 11.00 21.07

3 Easthampton, ......17.03 6.73 1.70

4 Fitchburg, 16.97 6.85 1.00

4 Gloucester, 17.55 11.82 6.10

3 Greenfield, 17.60 I 9.60 6.57

4 Manufacturers, 16.32 | 5.07 3.47

3 Marblehead, 17.06 9.87 1.60

2 Marlborough, 18.10 9.85 7.30

3 Milford, 16.63 11.53 3.50

2 Nantucket, 17.95 5.65 11.65
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No.
of
Tnspec-

!

lions
made. NAME OF PLACE OR COMPANY.

-I

Candle
Power. Grains per 100

Fkkt of (Jas OP

Sulphur.
1

Ammonia.
|

3 Natick, 18.13 10.47 2.37

3 Newburyport, 18.63 6.13 10.23

6 North Adams, 16.84 8.55 3.00

4 Northampton, 17.25 7.05 5.80

4 North Attleborough, 17.97 663 6.37

5 Pittsfield, 18.96 10.80 1-

2 Plymouth, 17.10 8.85 5.10

3 Quincy, 17.40 13.10 1,70

8 Wakefield, 16.83 9.40 5.67
*

1 Ware, 18,40 8.80 1-

2 Webster, 19.65 6.75 8.20

4 Westfield, 17.77 8.42 1-

3 Woburn 17.60 9.63 6.60

Average, 17.01 811 5,19

2 Amesbury, 28.8 1
1 Amherst, 40.2
„ . T,

~ „„„ Former in--2 Chicopee Falls, 37. t
spections of

1 Great Barrington, 29.9 these petro.

2 Ipswich 28.5 leum gases
, r , 'have shown
1 Lee, 48.5

little sul-
-2 Leominster, 28 0 p ilUv and no

2 Lexington, .......28.0 ammonia.

2 Middleborough, 22.7

2 Southbridge, 22 9
t

Average, 31.55
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Of the larger companies, seventeen show an increase of
candle-power over the previous year and seven show a de-
crease. The changes are generally small, the greatest being
those of Haverhill and Worcester, where there has been an
increase of two-thirds of a candle.

Of the smaller companies, eighteen show an increase and
eighteen show a decrease of candle-power, the most notice-
able change being at Westfield, where an increase of nearly
two candles is shown. The candle-power of the petroleum
gases showT s a general increase, but so few inspections are
made that no exact comparison can be made.

If we compare this year’s results with those of three
years ago, all the companies but ten show an increase of
candle-power. The poorest gas is more than a candle above
the legal standard, fifteen candles.

Generally speaking, the results of the last year’s inspec-
tion show less sulphur in the gas than ever before. This is
satisfactory, for sulphur in burning produces acid fumes
that, where the ventilation is defective, sometimes injure
delicate objects.

In a few instances sulphuretted hydrogen has been de-
tected. Lime purification is generally used ; to this fact
and the general use of good coal I ascribe the small amount
of sulphur in the gas.

For some years there has been a steady decrease in the
amount of ammonia in the Massachusetts gases ; and this last
year has been no exception to the rule. The gas of only nine
companies shows an average of more than seven grains per
one hundred feet, and none show the great excess of former
years. As the ammonia in crude gas is easily removed by
water, and is the source of most of the ammonia used in the
arts, there is little reason why it should be allowed to re-
main in the gas. Some of the larger companies derive quite
an income from the sale of their amraoniacal liquor.

The gas furnished by the Nantucket and Worcester com-
panies was found to contain more than the legal quantity of
ten grains per one hundred feet on three consecutive in-
spections, and the town and city authorities were notified.

Since the law, requiring an additional inspection for every
four million cubic feet of gas manufactured has been in
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operation tho large increase in the consumption of gas has so
multiplied tho number of inspections that there is hardly
time to attend to delinquent companies, and make the
necessary investigations into the scientific problems con-
stantly arising. I think it would be desirable to make the
limit six million feet. Eudiometric analyses have been made
of several gases. They show no great difference from those
of former years. A small increase of the illuminants is noti-
cable, and in some of the gases it is evident that the ex-
hauster has been used to draw in air or furnace gases. In
such cases the gain in volume of gas is probably more than
counterbalanced by the loss of candle-power. The analyses
show that “ dry ” lime removes all but a trace of carbonic
acid, and that iron oxide does not remove it. The analyses
are given with some water-gas analyses later in the report.

It is now some years since the large production of petro-
leum in this country has caused crude petroleum, and more
especially naphtha, to be sold for very low prices. Were it
not for its use in gas-making tho production of naphtha
would exceed the demand. It was found when either naph-
tha or crude petroleum was submitted to a moderate red heat
that it was almost entirely decomposed into various gases
which formed a very rich illuminating gas. In fact the gas
is so rich that it is only with great difficulty that it can be
burned without smoking, and only then by using burners
consuming only about one foot per hour. Even with the use
of these one-foot burners it was so difficult to avoid smoke
that the gas never came into general use.

The most obvious way of avoiding smoke was by adding
air. A gas composed of one part air to from one. to three
parts of naphtha or petroleum gas makes a fairly good gas
that is especially adapted to lighting small towns and isolated
factories. In fact some factories think it cheaper to make
this gas for themselves than to buy the city gas. This gas
requires only a small outlay for apparatus, and takes little
labor for its production ; but according as the gas is richer
or poorer, more or less air is required to produce a gas giv-
ing a uniform light. This mixed gas does not stand draughts
ofair as well as ordinary gas. Neither the pure oil gas alone
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nor the mixture with air can compete with coal gas when large
■quantities of gas are required.

To obtain the best effect from oil gas, and so enable it to
compete successfully with coal gas on the large scale, it was
found necessary to dilute the oil gas with some cheap com-
bustible gas, such as hydrogen, carbonic oxide, marsh-gas, or
a mixture of these. One large" city was partly lighted for
some years with a mixture of poor coal gas, air and naphtha
gas. Another plan is to make a poor coal gas and add to it
enough oil gas to give the required candle-power. Some
companies used the gas produced by the destructive distilla-
tion of wood and enriched with oil gas. [App. 36, 37.] A
favorite plan, of late years, has been to use the gas produced
by the action of steam on glowing anthracite coal, the so-
called “ water gas,” as a diluting gas for the rich oil gas.

In the majority of these various processes considerable
care is necessary to accurately adjust the relative quantities
of oil gas and the diluent so that a gas of constant candle-
power shall be produced.

Water gas was discovered about one hundred years ago,
and various attempts were made to utilize it. Until about
the years 1840 or 1850 these attempts amounted to little.
About that time many inventors were engaged on the subject.

As water gas itself gives no light when burned, it was pro-
posed to pass it through retorts in which cannel coal was
being distilled, to charge it with the vapor of volatile hydro-
carbons, or to mix it with the rich gas from various oils or
rosin. One inventor produced the light by hanging baskets
of fine platinum wire in the flame.

Quite a considerable number of European towns were
lighted with these gases, but they have all since abandoned
this method of illumination. This abandonment was due to
two reasons, one of which was that the gas could not bo pro-
duced cheaply enough to enable it to compete with coal gas.
The other reason was the poisonous qualities of the <ras.
[App. 33, 53, 54, 57.] One of the places where the gas was
used was Strasburg. One night the gas escaped into a baker’s
shop and killed four people. It was afterwards proposed to
light a portion of Paris with water gas ; and a commission of
the most eminent French chemists was appointed to report on
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the gas. They concluded that it “should not only not be
applied to the lighting of a large city but that even its private
use should be severely forbidden.” [App. 33.]

Water gas owes its poisonous qualities to carbonic oxide.
[App. 29, 31, 38, 39.] When steam is decomposed by
glowing coal, the decomposition can occur by two different
reactions. In one the carbon combines with the oxygen in
one part of steam, and one volume of carbonic oxide and one
volume of hydrogen are formed. In the other reaction the
carbon combines with the oxygen in two parts of steam, and
one volume of carbonic acid and two volumes of hydrogen
are formed. In most cases both carbonic acid and carbonic
oxide are formed at the same time.

The most of the water-gas processes have been founded on
the production of carbonic oxide and hydrogen. Bat it is al-
most impossible to produce a gas by decomposing steam by
carbon that does not contain several per cent, of carbonic
acid. This carbonic acid has to be removed, as it greatly re-
duces the light given by the oil gases. A few towns in
France employed a process of manufacture that was based on
the production of carbonic acid and hydrogen, the carbonic
acid being afterwards taken out by the use of lime. This
gas was almost pure hydrogen, only from two to six per
cent, of carbonic oxide being present. This gas was used
for about ten years at Narboune, but was finally replaced by
coal gas. [App. 57.] The cost of removing the carbonic acid
was the great objection to the use of this process. Some
recent experiments have indicated that this can be done with
no additional expense. [App. 58.]

Analysis shows that most illuminating gases owe their
light-giving power to such hydrocarbons as acetylene, ethy-
lene and benzol. If these illuminants were removed, the
gas would burn with a nearly colorless flame, giving consid-
erable heat, but no light. These illuminants form about one-
eighth of the whole volume of the gas in “ water” gas, and
coal gas contains about half as much. Eighty or ninety per
cent, of each gas is composed of the so-called diluents or
light-bearers. These light-bearers are hydrogen, marsh gas
and carbonic oxide. Although none of these give any light
when burned alone, yet they all develop considerable heat
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when burned. Equal volumes of hydrogen and carbonic
oxide give about equal quantities of heat when burned ; but
marsh gas gives about three times as much beat as either.
The heat furnished by these gases in burning helps to raise the
temperature of the particles of carbon set free from the illu-
minauts when these are decomposed by the heat of the dame.

Analyses ofgases of known candle-power, and direct exper-
iment, have shown that, in agreement with the above theory,
marsh gas is of considerably more value than either hydro-
gen or carbonic oxide. To determine the relative value of
hydrogen and carbonic oxide as diluents of illuminants, I
have made the following experiments.

A rich naphtha gas was manufactured which when burned
from a one-foot steatite burner, at the rate of one and one-
sixth foot per hour, gave a candle-power of sixty-eight and
one-fourth candles when calculated to the rate of five feet
per hour. This naphtha gas, after being measured by a small
meter, was then mixed with hydrogen or carbonic oxide, and
the mixture measured by another meter. The mixture was
burned in various burners and the candle-power determined
by the photometer. Boston gas was also used in the place
of naphtha gas ; and one experiment was made by enriching
Boston gas by naphtha gas.

|

Percentage
of

Naphtha
Gas.

J j

Percentage
of

Carbonic
Ox-

:

idc.
j

Kate
of

Burn-
|

lug-
i

Candle
Power.

Candle
Power

or
five
feet

per
Hour. Candle

Power
for
five
feet

per
Hour
of

Naphtha
Gas.

Kind of Burner.

16.0 84.0 5.11 8.7 I 8.5 ! 53.0 Argancl.
27.5 72.5 4.76 -21.4 | 22.5 J 81.6

29.0 71.0 4.76 22.4 23.5 81.1

45.3 54.7 3.31 24.0 36.2 80.0

34.6 66.4 3.18 9.8 15.4 44.5 Bray 5 feet slit.

61.1 38.9 2.26 19.7 43.6 71.4
57.9 42.1 2.28 20.7 45.4 78.4 Steatite 2 feet.

61.4 38.6 1.66 12.0 36.1 58.8 “ 1 foot.

13.4 86.6 4.47 1.0 -
- Bray 7 feet slit.



12 INSPECTION OF GAS AND GAS METERS. [Feb.

Percentage
of

l

Naphtha
Gas.

•

Percentage
of Hydrogen. Rate

of
Burn-

ing. Candle
Power.
|

Candle
Power

for
five
feet
■

perHour. Candle
Power

for
five
feet

per
Hour
of

Naphtha
Gas.

Kind of Burner.

18.0 82.0 6.18 14.5 1.40 78.0 Argand.
26.0 74.0 4.49 20.0 22.3 85.8

32.5 67.5 2.68 15.0 28.0 8G.2

26.2 73.8 3.21 ’ 13.3 20.7 79.2 Bray 5 feet slit.

24.9 75.1 4.18 16.7 20.0 80.3 “ “

34.2 65.8 3.33 19.0 28.5 83.4 Steatite 2 feet.

67.9 32.1 1 62 15.5 47.8 70.5 “ 1 foot,

10.0 90.0 6.7 1.0 - - Bray 7 feet slit,

j

Percentage
of

|

Boston
Gas. Percentage

of

Hydrogen. Kate
of

Burning.
Candle

Power.
Candle

Power
for

5
It.
per

Hour
of

Boston
Gas
when

burned
with
Hy-

d'g’n
orCar.

Ox.

Candle
Power
of

Boston
Gas,
5

feet
per

Hour.
Kind of Burner.

\

38.2 61.8 j 6.86 40 7.4 18.1 Argand.

57.1 42.9 | 7.00 14.5 18.1 18.1

79.5 20.5 5.86 19.8 21.2 18.1

81.5 18.6 6.63 19.2 20.9 18.1
Carbonic

Oxide.
79.4 20.6 5.14 13.6 16,7 19.2

88.4 11.6 5.19 17,8 19.4 18.9

92.6 7.4 5.40 19.5 19.5 18.9
Nap. Gas

when burn-a P- Gas ' ed with
Boston Gas.

91.1 8.9 4 15 19.7 83.5 17.7

These experiments show that both hydrogen and carbonic
oxide, when used in the proper proportion, add to the
illuminating value of the illumiuants instead of being mere



131885.] HOUSE —No. 50.

diluents. When certain limits, which depend on the burner
used, are exceeded, the light diminishes rapidly. When
carbonic oxide is used as a diluent, and the gas burned from
an Argand burner, the naphtha gas can form from one-fourth
to one-half of the whole mixture, and the light emitted will
be fifteen to twenty per cent, more than would be given by the
naphtha gas alone. If the naphtha gas forms only one-sixth
of the mixture, the light is more than twenty per cent, less
than would be given by the naphtha gas alone. Using an
open burner a much less proportion of carbonic oxide is
necessary to give the best result. If as little as one part of
naphtha gas to two parts of carbonic oxide is used the light
is one-third less than would bo given by the naphtha gas
alone. When the naphtha gas forms only one-eighth of the
mixture, the flame gives almost no light at all.

Small quantities of carbonic oxide, up to twelve per cent.,
can bo added to coal gas, and the light will be increased
rather than diminished. But if as much as twenty per
cent, of carbonic oxide is added, the light is considerably
diminished.

Hydrogen can be added to naphtha gas in almost any pro-
portion up to eighty per cent, of the mixture, and when burned
from either Argand or open burners considerably more light
will be emitted than the naphtha gas alone would give. This
increase in the most favorable case is more than twenty-five
percent. When the naphtha gas forms only one-tenth of the
mixture very little light is given. If Argand burners are
used the gas is apt to smoke, if more than thirty-five per
cent, of naphtha gas is used. But by the use of small open
burners, gas containing as much ns seventy per cent, of
naphtha gas can be used to advantage.

Hydrogen can be added to coal gas advantageously until
it forms forty per cent, of the mixture. In some cases the
increase of light is more than fifteen per cent, of the light
given by the coal gas alone.

Both hydrogen and carbonic oxide, when mixed with
illuminants, give a light of a nearly white color ; there seems
to be little difference between the gases in this respect.

These results show that hydrogen is far preferable to
carbonic oxide as a diluent, simply taking into account the
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light given. Frankland, Wright and Anderson have arrived
at the same conclusion. [App. 55, 56.]

Two volumes of either carbonic oxide or hydrogen require
one volume of oxygen for complete combustion, while two
volumes of marsh gas require four volumes of oxygen.
Hydrogen and marsh gas give water when burned, while car-
bonic oxide gives none. Hydrogen gives no carbonic acid,
but carbonic oxide and marsh gas each give their own vol-
ume. From this it seems that carbonic oxide is in no re-
spect more valuable as a diluent than hydrogen, while it
has the disadvantage of giving less light and vitiating the
air.

As regards nrarsh gas and carbonic oxide, the first, when
mixed with illuminants, gives considerably more light, but
perhaps not so nearly white. Carbonic oxide has the advan-
tage of requiring only one-fourth the air that marsh gas
needs for combustion, and as it gives only one-third the
heat, would in that respect be preferable in some cases. But
where gas is used for heating or cooking it would be a seri-
ous disadvantage. Carbonic oxide is much easier blown out
by a draught of air than either hydrogen or marsh gas. I
found by actual experiment that one hundred volumes of
Boston gas required one hundred and twenty-nine and six-
tenths volumes of oxygen for complete combustion, and that
sixty-two and six-tenths volumes of carbonic acid were
formed. The same volume of Toronto water gas, which had
about the same candle-power, required one hundred and
twenty-three and three-tenths volumes of oxygen, and gave
seventy and nine-tenths Volumes of carbonic acid when
burned. One hundred volumes of another sample of Boston
gas required one hundred and thirty-six and eight-tenths
volumes of oxygen, and gave sixty-six and nine-tenths vol-
umes of carbonic acid. So as regards vitiation of the air
the water gas is certainly no better than coal gas. [App.
44.]

But even if carbonic oxide were preferable in every other
respect, the fact that it is a true physiological poison should
prevent its forming any considerable proportion of illumin-
ating gas that is to be distributed over any extended
space and generally used. This fact of the poisonous nature
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of carbonic oxide is now so well known that no person,
whose opinion is entitled to respect, doubts it. [See Ap-
pendix 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 27, 29, 30, 31, 32, 35, 36, 38, 39, 45, 46,
47, 48, 49, 54, 59.]

There is an entire agreement of opinion that warm-blooded
animals are killed by remaining in an atmosphere containing
from four-tenths of one per cent, to one per cent, of car-
bonic oxide. I have seen no experiments which show that any
of the other constituents of illuminating gas that form more
than one per cent, of the whole mixture have any poisonous
effects. A possible exception may be made in the case of
carbonic acid ; but this gas never much exceeds two per cent.,
and never reaches one per cent, if ordinary care is taken and
“dry” lime used for purification. Besides, carbonic acid
has been breathed without serious harm for a considerable
length of time when it formed twenty per cent, of the mixture.

I am not aware that of late years anyone has thought
hydrogen or marsh gas poisonous. Of course, none of the
gases mentioned can be used as substitutes for oxygen, and
if anyone had to breathe them pure he would die in a few
minutes, simply for want of oxygen.

The opinion has been expressed that the illuminants in gas
are poisonous, perhaps as poisonous as carbonic oxide.
Knowing of no previous experiments on the subject I have
recently made some.

In one experiment I used a rather poor naphtha gas, about
twenty-seven candle-power.' This probably contained about
twenty per cent of illuminants ; the remainder being hydro-
gen and marsh gas, with a little air. A rabbit was placed in
a tight box. In the front of the box was a pane of glass
and at each end was a tube ; air was passed in at one tube
and out at the other. Air that contained five per cent, of this
naphtha gas was passed through the box at the rate of three
feet per hour. The rabbit was in the mixture two hours and
thirty-seven minutes; he showed no signs of being ill, but
looked a trifle sleepy at one time. When taken out he was
apparently as well as when he was put in. Another experi-
ment was made with the rich naphtha gas used in the photo-
metric experiments; its analysis is given in another part of



16 INSPECTION OF GAS AND GAS METERS. [Feb.

this report. At containing ten per cent, of this gas was
passed over a rabbit at the rate of seven feet per hour. This
mixture was so rich in illuminants that it burned quietly, at
the end of the eduction tube, with a nearly colorless flame
about three inches long. The rabbit in about an hour seemed
sleepy and rather stupid. He was removed in one hour and
three-quarters as the mixture was exhausted. He was stupid
and trembled slightly, but in three minutes seemed as well
as ever. As the mixture breathed by this rabbit contained
more than five per cent, of illuminants, or nearly as much as
pure coal gas, I think it proved that illuminants have little if
any poisonous action.

In short, as carbonic oxide is a poison, and as there are prac-
tically no other poisons in illuminating gas, the poisonous
effects of such gas should vary according to the percentage
of carbonic oxide.

Some experiments I have made with rabbits bear out this
conclusion. A rabbit was placed in a box and caused to
breathe an atmosphere containing five percent, of an illumi-
nating gas containing thirty percent, of carbonic oxide. For
the other seventy per cent, of the gas the poor naphtha gas
before mentioned was used. I used this mixture as it would
have been extremely difficult to have obtained illuminating
water gas manufactured in the large way. No chemist could
have told that this mixture was not ordinary water gas. The
rabbit fell over in four minutes, and was dead in seventeen
minutes. The experiment was repeated with another rabbit,
except that the mixture representing water gas contained
twenty-eight per cent, of carbonic oxide. The rabbit fell
over in five minutes, and was dead in forty minutes. An-
other experiment was made on a rabbit with a mixture
intended to contain three-fourths of one per cent, of carbonic
oxide; but through an accident the amount actually taken
was not known. The rabbit fell over in seventeen minutes,
and soon became unconscious, and remained so until removed
two and one-fourth hours after his introduction. It was
nearly ten o’clock at night when the experiment was stopped.
The rabbit had recovered by morning. A rabbit was also
caused to breathe air containing five per cent, of coal gas.
He felt rather poorly, but did not fall over, and was removed
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iii one hour and twenty-four minutes but little worse than

when put in.
Some experiments were made with illuminating gas at

Brooklyn, N. Y. In these experiments the gas and air was
passed at the rate of ten feet per hour instead of three.

A rabbit breathing air containing five per cent, of water

gas fell over in four minutes and seemed to gradually grow
worse. As the experiment was in the presence of a com-
mittee of the Massachusetts legislature, and it being desir-
able to make more experiments that afternoon, the rabbit
was removed in thirty-five minutes. He was still able to
hold up his head, and recovered sufficiently to eat an apple
in three-quarters of an hour. The experiment was repeated
on a fresh rabbit, ten per cent, of water gas being used.
The rabbit fell over in two minutes and was dead in twenty
minutes. When five per cent, of coal gas was used with air
the rabbit was removed in half an hour feeling nearly as
well as when put in, except that he did not have full control
of his legs. A rabbit was then caused to breathe air con-
taining ten per cent, of coal gas. In ten minutes his legs
showed signs of weakness and he felt poorly. He did not
fall over, and was removed in thirty-five minutes but little
injured. I have recently made an experiment with some
water gas containing about one-eighth its volume of air and
about twenty-one per cent, of carbonic oxide. Air contain-
ing five per cent, of this gas, or about one per cent, of
carbonic oxide, was passed at the rate of six feet per hour
over a large, healthy male rabbit. This rabbit had been
used a week previous with naphtha gas. When put in the
box he began to breathe rapidly, and his legs gave out in
four minutes. He fell over in seventeen minutes, but was
able to hold up his head occasionally for forty minutes
longer. After he had breathed the mixture nearly an hour
there was a momentary struggle and ho laid limp and un-
conscious, or nearly so. There was only a gradual change
until ho died, seven and three-quarters hours after the ex-
periment began. The rabbits used in the first experiments
were not as strong as those used later at Brooklyn. [App!
1,2, 23, 21, 25, 26, 40, 42, 43.]

ihe inferences to be drawn from these experiments on
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animals have been corroborated by practical experience in
using gases containing various percentages of carbonic oxide.
As one gas escapes from leaks as readily as the other, a
higher specific gravity being counterbalanced by a greater
pressure on the gas, there would be the same liability to ex-
posure whichever gas was used.

Probably the fairest place to make the comparison is in New
York and Brooklyn. The following facts are from the Report
of the Health Commissioner for Brooklyn, made in July, 1883,
and are taken from the coroners' reports of the two cities.

In Brooklyn, from the time of the introduction of illumin-
ating gas up to the time water gas was used, about thirty
years, there had been only one death from inhaling illumin-
ating gas. In the three years immediately preceding
the date of the report, and during which time less than half
the gas furnished was water gas, there wore seven cases of
poisoning by water gas and one by coal gas. In this com-
parison, and also the following one for New York, no
account is taken of suicides, nor where the kind of gas used
was not known, and where two or more people were killed
at the same time and place it is reckoned as one case. In
New York, for the same time, there were thirty-three cases
of death by water gas and three by coal gas. During this
time there was as much coal gas as water gas used.

The more poisonous character of the gas containing the
larger amount of carbonic oxide [App. 19, 29, 33, 44, 47,
48, 49, 50, 51, 52] is also shown if the deaths by gas are
arranged by years. Water gas was introduced into New
York about 1877, but up to 1880 was made by only one
company. The records have been kept accurately only
since 1866.

Year. Deaths. Year. Deaths. Year. Deaths.
1866, .

. 0 1872, . . 3 1878, . . 2
1867, . . 3 1873, . . 1 1879 . . 2
1868, . . 2 1871, . . 1 1880, . . H
1860, . . 1 1875, . . 0 1881, . . 15
1870, .

. 1 1876, . . 1 1882, . . 19
1871, .

. 7 1877, . . 0 1883,15 t quarter, 6

In 1871 four people were killed at once. There would
seem to be practically the same conditions, for coal gas was
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formerly used for lighting most of the places where water
„as has since been substituted. Baltimore has used more

water gas than any other city outside of New York and
Brooklyn. It has been stated, on the authority of the official
records, that there was no death from poisoning by illuminat-
ing gas from the time of its introduction in 1830 until 1880.
lathe next four years there were eleven deaths from this
cause. Water gas was introduced about 1878. Water gas
has been used for some years in Rochester and Toronto, and
several deaths have been reported in each city from its use.

Although there have been reports of deaths from the use
of water gas in several of the smaller places where it has
been introduced, it is perhaps not possible to give any exact
statistics.

Besides those who have died, a greater number have been
more or less injured; but it would be difficult to obtain any-
thing like a complete account of these injuries.

There have been occasional deaths by poisoning by illumin-
ating coal gas; but if the three to eight per cent, of car-
bonic oxide it contains were removed, I think there would
be no accidental deaths from breathing it. It is not possible
in manufacturing to remove carbonic oxide from illuminating
coal gas without destroying its illuminating power at the
same time.

There have been quite a number of deaths from poisoning
with the “ coal gas” coming from stoves where the draught
was obstructed. These deaths are due to the same poison-
ous gas, carbonic oxide, but have no connection with illumin-
ating gas.

It is said that gas is made to burn and not to breathe; but
it is impossible to prevent its accidental escape. It is also
claimed that the odor of illuminating gas is a sufficient warn-o o

iug against breathing it. Of course the odor is a great safe-
guard, and even coal gas would be very dangerous if it had
no odor. That the odor is not a sufficient warning is showu
by the many deaths that have occurred.

There are many ways by which gas can escape uncon-
sumed. Many burner cocks have no stops and after the gas
is turned off, a continuation of the movement turns it on
again. Persons unaccustomed to the use of gas sometimes
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blow it out. Sometimes clothes are hung on the fixtures and
the cock is turned if it moves easily. Sometimes a rubber
tube, attached to some portable gas burner or stove, slips off
the nozzle. There may be a leak iu the meter or some of
the piping. Sometimes a workman leaves off a cap or some
fixture. The gas may be extinguished by sudden puffs of
air. A carbonic oxide flame is much more easily blown out
than a flame of hydrogen or coal gas.

There is another cause in difference of barometric pressure
between the gas holder and the burner, especially if these
are some distance apart. If the ordinary pressure of the
gas is an inch and two-thirds of water, and some companies
have a day pressure of only half this, it is only necessary
for the barometric pressure to be one-eighth of an inch of
mercury more at the burner than at the holder to extinguish
the light. This difference in barometric pressure need exist
for only a second or two to put out the lights, and when the
pressure becomes equalized again the gas escapes uncon-
sumed. I have seen the record of such a barometric dis-
turbance made on a self-recording pressure gauge where the
holder was only about a mile away.

In most of these cases the odor of the escaping gas gives
warning and the escape is stopped. But sometimes the
sense of smell is imperfect, or the cause of the odor is
unknown, or the person, being tired or inebriated, falls asleep
before the odor is recognized.

It is found that the deaths occur chiefly in small sleeping
apartments, and that the persons killed are chiefly of the
poorer or more ignorant classes of the community. Those
who are familiar with the odor of illuminating gas and who
sleep in large, well-ventilated rooms are iu little danger of
being killed by gas, even if it contains considerable carbonic
oxide.

Besides the leakages inside the house there are the leaks
in the street mains to be considered.

Sometimes a gas main breaks and considerable volumes of
gas rush through openings iu the ground, and render houses
in the neighborhood uninhabitable for the time. When these
breaks or leaks occur in very cold weather, and the ground
is tolerably compact, the gas gradually filters through the
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soil and almost entirely loses its odor. The warm houses on

either side of the street act like chimneys and draw up the
gas. As the gas is rendered odorless, or nearly so, by its
passage through the ground, the inmates of the houses are
unconscious of their danger. In Europe many cases of sick-
ness and even some deaths have been reported from this
cause. The cases were generally very puzzling to the physi-
cians until the gas was discovered. Perhaps the most cases
occurred in the city of Breslau ; they being particularly prev-
alent in the winter of 1879-80. One analysis of the Breslau
gas, made about this time, showed over ten per cent, of car-
bonic oxide. The coal used was very likely a lignite. [App.
40, 41.]

Last winter I made some experiments to determine if
illuminating water gas also lost its odor by passing through
frozen earth. The gas, which had its usual peculiar odor,
was passed through a six-inch iron pipe thirty-six feet long
containing earth at about the freezing point. After passing
through the earth the gas had very little odor, and when
burned gave little or no light.

C O

It has been claimed by some chemists that because a given
volume of carbonic oxide, when mixed with the right pro-
portion of air does not explode with nearly as much force as
an equal volume of marsh gas, mixed with its proper propor-
tion of air, that therefore there is much less danger from
explosions with water gas than with coal gas. One volume
of carbonic oxide requires for complete combustion about
two and one-half volumes of air, and one volume of marsh
gas requires about ten volumes of air. The marsh gas mix-
ture would give about three times as much heat as the car-
bonic oxide mixture, and there would be about three times
as much gas to be heated ; so that, reckoned on equal volumes
of explosive mixture, there would be little difference between
the two. These chemists also seem to have taken no account
of the illuminants, and water gas contains twice the volume
of illuminants that coal gas does. One volume of the iilu-
minants, mixed with the right amount of air, would probably
give an explosion of twice the force of one volume of marsh
gas and its proper proportion of air. If gases of equal
candle power are compared there will probably be found
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little difference in explosive force between coal gas and
water gas.

I have recently made some experiments on the explosive
force of gases. The apparatus used consisted of an iron
cylinder, into which was screwed a gun barrel. The gas
and air, mixed in the right proportions in the cylinder, were
exploded by an electric spark. The force of the explosion
expelled a bullet from the barrel, and the penetration in
pine wood gave a measure of the explosive force. Com-
parative experiments showed little difference in the explosive
force of water gas and coal gas ; the former giving a slightly
greater penetration. [App. 60.]

The past summer, to gain a personal knowledge of the
composition and illuminating value of the water gas actually
used, I visited some of the larger cities. I did not investi-
gate either the number or the circumstances of the various
poisonings with gas which had occurred in some of the cities
visited, as I could spare neither the time nor the money
necessary for such an examination. The gases were
tested at the various hotels, the portable photometer being
used. Besides making approximate determinations of the
carbonic oxide, I took samples of gas for eudiometric analy-
sis. Besides the places mentioned in the following table, I
also visited Baltimore and Washington. I made no tests at
either place, because at Washington the water and coal
gases are mixed at the works; and at Baltimore, although
the coal and water gases are made at different works, yet
they are let into the same pipes, and the hotel at which I
stopped happened to have coal gas when I was there. The
burners used were the same Sugg’s Argand used in testing
Massachusetts gases, and a Bray’s seven-foot slit burner.
Generally I found that the Argand gave the higher results
when the gas was below twenty candles; while the open
burner gave higher results with richer gas. I have given
the best results obtained with either burner. I have also

given some other analyses for purposes of comparison;
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CandlePower. PLACE OR COMPANY. Illuminants. Marsh
Gas. Hydrogen. Carbonic Oxide. Nitrogen. Oxygon. Carbonic Acid.

Water Gas.

17.5 Rochester (Municipal), 10.38 13.58 43.99 28.65 2.75 .30 .35

19.0 Toronto 10.92 19.02 41.71 26.11 1.57 .00 .07

20.0 Chicago (Consumers’), . 10.12 22.56 40.34 24.47 126 .08 l.li

19.6 Lancaster. . . . 11.30 23.74 28.38 31 18 4.75 .65 .00

17.3 Harrisburg, . . . U-10 19.43 35.96 31.52 1.91 .03 .05

27.9 Wilkesbarre, . . . 17.81 26.51 27.77 26.21 1.60 .08 .02

21.2 Scranton, . . . 13.67 20.29 40.01 24 97 .92 .02 .12

204 Athol 14.64 18.67 32.52 26.68 6.72 .95 1.02

21.1 Chicago (People’s) . - -
- 29.4

19.7 St. Louis, ...
- -

- 31.8

20 37 Average, .
•

• 12.48 20.55 36.34 i 27.46 / 2.56 .26 .35
j 28.09 j

Lynn (Heating), . . .00 .50 51.42 36.92 2.81 .00 835

68.2 Naptha, .... 51.40 27.08 ■ | -90 3.49 .46 .10

Coal Gas.

Lynn 7.23 36.70 46.64 6.43 1.32 .00 1.78

Cambridge, . . . 5.52 35.53 46.63 6.12 6.04 .05 .11

Springfield, . . . 5.28 36.10 52.12 5.63 .87 .00 .00

Worcester, . . . 6.72 j 36.16 46.03 6.89 6.13 .02 .05

Lowell 4.55 37.11 49,10 6.79 2.71 .03 .71
Dorchester, . . . 7.14 38.61 39.53 3.19 9.66 1.81 .00

South Boston, .
. 7.09 37.56 45.25 4.50 5.05 .53 .02

Roxbury, . .
. 8.03 41.98 42.20 4.71 2.89 .02 .13

Boston,*. . . . 5.21 38.67 47.49 6.74 .85 .00 1,08

Charlestown,.
.

. 6.16 35.71 48.91 6.25 1.66 .08 1,24

17.74 j Average, . . . j 6.19 37.41 j 49.38 | 6.53 | 8.72 .26 j .62

*This sample is poorer than the average of Boston gas. The other coal gas analyses
were made by the assistant inspector, Charles D. Jenkins.

In the analyses no attempt was made to separate the
higher members of the parafine series from the hydrogen
and marsh gas; and consequently, in the water-gas analyses,
the marsh gas is too high and the hydrogen too low. As
for all practical purposes one volume of hydrogen and one
volume of ethane are equivalent to two volumes of marsh
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gas, it was not thought worth while to attempt the deter-
mination of the small quantity of ethane probably present.
The illuminants were absorbed by fuming sulphuric acid.
The apparatus used was described by me in the “ American
Journal of Arts and Sciences” for Sept., 1874.

In comparing the water gases with the coal gases, it will
be seen that the water gas averages about two candles better
than the coal gas. The candle-power at Wilkesbarre is con-
sidered as exceptional, as I was told by the gas superintend-
ent that he was making about twenty-two candle gas. The
candle-powers of the water gases must not be considered as
the average for the different places mentioned, but are prob-
ably not far from it unless the gas varies much in composi-
tion. With coal gas it is seldom that single determinations
vary more than one candle from the average for that gas.

The analyses show that water gas contains twice the illu-
minauts and a little more than half the marsh gas that coal
gas does. The greatest difference is in the carbonic oxide, as
water gas contains five times as much of this as coal gas
does. The analyses show that coal gas is much more uni-
form in composition than water gas. The Lynn heating gas
was not purified, and contained seven hundredths of one per
cent, of sulphuretted hydrogen, which is included in the car-
bonic acid in the analysis.

The water gas at most of the places mentioned was made
by the Lowr e or some similar process. It was not thought
necessary to make any tests of the gas made in New York
and Brooklyn, where the Tessie du Motay process is used
exclusively. Numerous tests have shown this gas to be toler-
ably uniform in composition, differing but little from the
gas I found at Wilkesbarre. The percentage of illuminants
is generally rather less than was found at Wilkesbarre.

The results of my examinations of water gas and Massa-
chusetts coal gas may be summarized as follows :

Water gas has generally a higher candle-power than coal
gas, and gives a whiter light.

Water gas is not less dangerous than coal gas when ex-
ploded with air.

There is no considerable difference in the products of com-
buotion if gases of equal candle-powers are compared.
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Carbonic oxide is the only constituent in illuminating gas
that poisons when mixtures of gas and air are breathed.

Water gas generally contains five times as much carbonic
oxide as coal gas.

It has caused an increase in the number of deaths by gas
poisoning where substituted for coal gas.

It is practical to make water gas containing little carbonic
oxide; and this sort of water gas is not objectionable.

Respectfully,

CHARLES W. HINMAN,
State Inspector of Gas and Gas Meters.
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Containing Quotations, Abstracts and Eefeeences to Carbonic
Oxide and Water Gas.

(1) Desoemes and Clement: Annalles de Chimie, vol. 29, p.
56. “ A bird placed in a bell of this gas [carbonic oxide] was
killed before it could be taken out. . . . One of us baying breathed
some, immediately experienced dizziness, and scarcely kept from
falling.”

(2) Leblanc : Comptes Rendus, vol. 14, p. 867. A fuller ac-
count is given in Annalles de Chimie et Physique for 1842, 3d
series, vol. 5, pp. 223-268. “No decisive experiment exists at
present on the amount of change in air rendered asphyxial by the
burning of carbon. I was astonished to see an atmosphere con-
taining from three to four per cent, of carbonic oxide become sud-
denly fatal for a large dog, while, to produce the same effect, at
least from thirty’' to forty per cent, of pure carbonic acid is neces-
sary. I have shown in my memoir that the effect was independent
of temperature.

“ How is the poisonous energy of an atmosphere irrespirable
under these conditions to be explained, since the amount of car-
bonic acid alone, or the observed deficiency of oxygen, are insuffi-
cient to produce the results?”

[The following experiment was made: a large dog was placed
inside a closed space, and was observed through a window; a
tube permitted the taking of samples of the air inside. Some
pieces of lighted, baker’s breeze were placed on the grate, which
was then filled with cold breeze, and the door closed. In five or
six minutes the flame was at the top of the breeze ; the uneasiness
of the animal was already visible. At the end of ten minutes he
fell exhausted, and in twenty minutes was dead. At this time a
candle burned inside as brilliantly as ever. It was only in ten
minutes after the death of the dog that the candle went out, grad-
ually declining in brilliancy. At this time a sample of air was
collected and analyzed with the following result:

APPENDIX,
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Carburetted hydrogen 04
Oxygen 19.19
Nitrogen 75.62
Carbonic acid 4.61
Carbonic oxide 54

100.00

Any olefiant gas would have been absorbed by the sulphuric
acid used.]

“The dangerous effects of carbonic oxide and carburetted
hydrogen have already been made known by some observers.
Samuel White, having taken some inhalations of carbonic oxide,
lost consciousness, and was with difficulty brought to life ; it was
necessary to have recourse to oxygen. M. Dcvergie also con-
siders this gas harmful, contrary to the conclusions of Nysten.
As to carburetted hydrogen, it can, according to Seguio, produce
fainting when it composes one-tenth of the air.

“The proportion of these two gases shown in the analyses do
not at first seem capable of exerting a harmful action on the econ-
omy ; but some experiments made on animals have demonstrated
to me that even a very small quantity of carbonic oxide can cause
severe and even fatal accidents. Thus five per cent, in air instantly
killed a sparrow, while one per cent, killed at the end of two
minutes at the farthest. On the contrary, when one per cent, of
marsh gas is present, no hurtful effect is produced in a much longer
time. Olefiant gas, when present to the extent of several per cent,
in air, produced no effect.

“Carbonic oxide, then, appears to play the principal role in the
fatal action of burning charcoal.”

(3) Roscoe : Chemistry, London, 1860, p. 91. “It [carbonic
oxide] acts as a strong poison, producing death when inhaled
even in very small quantities.”

(4) Fowxes : Chemistry, Philadelphia, 1878, p. 164. “ Carbon
monoxide is extremely poisonous; much more so than carbon
dioxide.”

(5) Armstrong : Encyclopedia Britannica, American reprint,
1877, vol. 5, p, 78. “It [carbonic oxide] is an extremely poison-
ous gas, being capable of displacing the oxygen in blood, owing
to the formation of a compound with the haemoglobin with which
the oxygen is ordinarily combined.”

(G) Thorpe: Chemistry, Glasgow, 1873, p. 237. “Carbon
monoxide is an excessively poisonous gas. It acts rapidly on the
blood, combining with the haemoglobin to form carboxy hannoglobin,
a body possessed of a bright red color.”
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(7) Stoker and Eliot: Chemistry, Boston, 1807, p. 334.
“It [carbonic oxide] extinguishes combustion just as hy-
drogen does, and destroys animal life. Unlike hydrogen and
nitrogen, however, it is a true poison. It destroys life, not nega-
tively, by mere suffocation or exclusion of oxygen, but by direct
noxious action. Even when largely' diluted with air, it is still
poisonous, producing giddiness, insensibility', and finally' death.
It is the presence of this gas which occasions the peculiar sensa-
tion of oppression and headache which is experienced in rooms
into which the products of combustion have escaped from fires of
charcoal or anthracite. Carbonic oxide is very much more poison-
ous than carbonic acid. Much of the ill repute which attaches
to carbonic acid really belongs to carbonic oxide ; for, since both
these gases are produced by burning charcoal, many persons are
liable to confound them ; but carbonic acid is, comparatively speak-
ing, almost innoxious. Carbonic acid, it is true, is somewhat
poisonous : it does not merely' suffocate, like water, or nitrogen, or
hydrogen ; but it is very much less poisonous than carbonic oxide.
It has been found by' experiment that an atmosphere containing
only a hundredth of carbonic oxide is as fatal to a bird as one con-
taining a twenty-fifth part of carbonic acid. ”

(8) Miller: Chemistry, London, 1856, part 2, p. 491. “When
respired, even though diluted with air, it [carbonic oxide] acts as
a direct poison.”

(9) Ure : Dictionary, London, 1863, p. 610. “It is very fatal
to animals, and when inspired in a pure state almost immediately
produces coma. ”

(10) Watts : Dictionary of Chemistry. London, 1868, vol. 1, p.
774. “Itis a very poisonous gas, acting chiefly on the nervous sys-
tem, causing giddiness when inhaled, sometimes, also, acute pain in
various parts of the body', and after a while complete asphyxia. ”

(11) Paten: Chimie Industrielle, Paris, 1867, vol. 1, p. 119.
“ According to the observations of M. Leblanc, carbonic oxide ex-
ercises a very' deleterious action on the animal economy, even when
it is breathed mixed in small proportions with atmospheric air. It
is to carbonic oxide that are to be attributed the serious accidents
that occur to men who are in a close room where charcoal is burned,
and the air is not renewed. A few per cent, of this gas is sufficient
to kill an animal that breathes the mixture in a short time.”

(12) Wurtz: Dictionnaire de Chimie, Paris, 1871, vol. 1, part
2, p. 755. “It is very poisonous. According to F. Leblanc a bird
dies instantly in air containing four to five per cent, of this gas;
and one per cent, ivas sufficient to cause death in two minutes.
The deleterious action of charcoal fumes is due principally to car-
bonic oxide. ”
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(18) Schorlemmer : Kohlenstoff- Verlindimgen, Brunswick,
1871, p. 82. “Carbonic oxide is a very powerful poison.”

(14) Berzelius: Lehrbuch der Chemie, Leipsic, 1850, vol. 1,
p. 643. “ Animals die immediately in carbonic oxide gas, and some
persons who tried to breath it suddenly fell senseless to the ground.”

(15) Gorup-Besanez : Lehrbuch der Chemie, Brunswick, 1859,
vol. 1,p. 286. “ Carbonic oxide not only does not support the proc-
ess of respiration in animals, but it acts positively harmful as a nar-
cotic poison. In an atmosphere which contains.only a few per cent,
of carbonic oxide an animal dies quickly. This gas is the principal
cause of the deadly action.of charcoal fumes in a close room.”

(16) Gmelin-Kraut: Ilandhuck der anorganischen Chemie,
Heidelberg, 1872, vol. 1. part 2, p. 72. “ Small animals die imme-
diately in carbonic oxide. When breathed, it immediately produces
dizziness and fainting fits.”

(17) Graham-Otto: Lehrbuch der Chemie, Brunswick, 1863,
vol. 2, part 1, p. 1068. “ Carbonic oxide not only cannot support
respiration, but works as a poison on the animal organism, proba-
bly by taking oxygen from the blood. ”

(18) Feiiling : Neues Handworterbuch der Chemie, Brunswick,
1881, vol. 3, p. 1051. “ Carbonic oxide is very poisonous : small

animals die quickly in the gas. Atmospheric air mixed with a little
carbonic oxide produces dizziness, headache, swooning, and even
death. The accidents which are caused by charcoal fumes, by the
use of brasiers for heating rooms, or by closing the damper too soon,
are to be ascribed to the formation of carbonic oxide. . . .

When breathed carbonic oxide is absorbed by the blood-corpuscles,
and combines with them to carboxy haemoglobin, which is easily de-
tected bjT the spectroscope.”

(19) Huxley: Physiology, London, 1872, p. 98. “The
directly poisonous effect of carbonic acid, on the other hand, has
been very much exaggerated. A very large quantity of pure
carbonic acid (ten to fifteen or twenty per cent.) may be con-
tained in air, without producing any very serious immediate
effect, if the quantity of oxygen be simultaneously increased.
. . . Carbonic oxide has a much more serious effect, as it turns
out the oxjgen from the blood-corpuscles, and forms a combi-
nation of its own with the haemoglobin. The compound thus
formed is only very gradually decomposed by fresh oxygen: so
if any large proportion of the blood-corpuscles be thus rendered
useless, the animal dies before restoration can be effected. Badly-
made gas sometimes contains twenty to thirty per cent, of carbonic
oxide; and, under these circumstances, a leakage of the pipes in
a house may be extremely perilous to life.”
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(20) Hoppe-Seyler : PJiysiologische Chemie, Berlin, 1879, p.
383. “As has already been stated, the loosely-combined oxy-
gen, which is contained in oxyhaemoglobin, and which, at least in
great part, can be driven out by a stream of indifferent gas, can
be quickly displaced from this combination by carbonic oxide.
By this treatment as much carbonic oxide combines wT ith the
haemoglobin as there is oxygen displaced. The compounds of
carboxy haemoglobin crystallize in the same forms as the corre-
sponding oxyhemoglobins, but are rather less soluble in water,
and are still more difficultly decomposed into carbonic oxide and
haemoglobin by a vacuum or a stream of indifferent gas. . . . The
compound carboxy haemoglobin is of special interest, as its behavior
gives a complete explanation of the poisoning of man and animals
by carbonic oxide ; and its optical properties give a means of de-
tecting this poisoning, even in portions of blood that have been
kept a very long time, if they have been protected from oxygen.”

(21) Boehm: Article Poisons. Ziemssen’s Cyclopaedia of the
Practice of Medicine, New York, 1878, vol. 17, p. 45G. “Car-
bonic oxide plays ajrrominent part amongst poisonous gases.

“ In general this poison is mixed with other, in part, indifferent
gases, so that, however strongly inclined, we can scarcely regard
the cases as simple cases of poisoning by carbonic oxide. Yet
multiplied experiences have taught us that the danger of these
mixtures depends undoubtedly on the carbonic oxide present; and
that, apart from this, the gaseous mixtures produce but very
trifling symptoms. We may therefore practically disregard the
admixtures.”

(22) Claude Berxard : Lemons sur les Effets des Substances
Toxique, Paris, 1857, p. 157. “Carbonic oxide ... is one of the
most poisonous gases known : its injurious action has often been
exercised on man, as it is necessary to ascribe to it the largest
part in cases of poisoning by charcoal fumes.”

“We are then obliged to regard carbonic oxide as a violent
poison of immediate action but short duration” (p. 198).

“ Carburetted hydrogen is little poisonous” (p. 202).
(23) Letheby : Lancet, March 1, 18G2, p. 219. “In 1814

the two assistants of Mr. Higgins of Dublin made experiments
with it upon themselves, and in one case that of Mr. Wilter

with almost a fatal result. Having exhausted the lungs of
air, he inhaled the pure gas three or four times, and was sud-
denly deprived of sense and volition. He fell upon the floor,
and continued in a state of perfect insensibility', resembling apo-
plexy, and with a pulse nearly extinct. Various restorative means
were employed, but without success, until they resorted to the use
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of oxj-gen, which was forced into his lungs, and then his life was
restored; but he was affected with convulsive agitation of the body
for the rest of the day. He suffered, also, from violent headache,
a stupor, and a quick irregular pulse. Even after mental recovery,
he suffered from giddiness, blindness, nausea, alternate heats and
chills, and irresistible sleep. The other gentleman, after inhaling
the gas two or three times, was seized with giddiness, tremor, and
incipient insensibility. These effects were followed by languor,
weakness, and headache, of some hours’ duration.”

[Then he refers to the experiments of Tourdes and Leblanc] :

“Very recently I have myself ascertained that air containing
only five-tenths per cent, of the gas will kill small birds in three
minutes, and that a mixture containing one per cent, of the gas
will kill in half the time; an atmosphere having two per cent, of
the gas will render a Guinea-pig insensible in two minutes ; and in
all these cases the effects were the same. The animals show no
sign of pain; they fall insensible, and either die at once with a
slight flutter, hardly amounting to convulsion, or they gradually
sleep away, as if in profound coma.

“In the year 1846 M. Adrian Chenol (Chenot) was anxious to
ascertain the- properties of the gases yielded by his process of
smelting zinc ores with carbon ; and, not having a suitable instru-
ment for collecting the gases, he attempted to draw them out of the
furnace by means of a pipette. Some of the gas was thus inhaled,
and he fell immediately as if he had been stunned ; the eyes were
turned back in. the orbits ; the skin was discolored; the veins were
swollen, and presented a black tint under the skin ; there were vio-
lent pains in the chest; and the brain was powerfully oppressed.
After removal to the open air, and the application of restoratives,
sensibility gradually returned; but the internal pains were still
severe, and there was a feeling of suffocation. For several days he
felt depressed and languid ; the digestion was bad ; sleep was obsti-
nate and heavy, and it was frequently disturbed by cramps in the
knees and toes. Even for months afterwards there was a morbidly
excited state of the nervous system.”

(24) Chenot: Compiles Rendus, \ol. 38, p. 736. “Carbonic
acid causes death by asphyxia, pure and simple, but it is quite
otherwise with carbonic oxide.” [Thinks there is a cauterization
by oxidation of carbonic oxide to carbonic acid.] “It is this
which causes the atrocious pain which accompanies poison-
ing by carbonic oxide, so different from that caused by carbonic
acid. . .

. Pure carbonic oxide is not only a reducing agent
of the greatest energy, but a violent poison, a frightful poison even
in the smallest quantity. In my own case, a state of very poor
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health is the consequence of several poisonings by this gas ” [the
details of one of his poisonings arc given by Lethebyl.

(25) Pokrowsky : Virchow’s Archive fur pathologische Anato-
mic und Physiologic , vol. 30, p. 525. [Pokrowsky describes re-
p eated experiments on cats and dogs which were killed by pure
carbonic oxide in from three to five minutes. With one-half per
cent, carbonic oxide thej- were killed in from two to three hours.
The carbonic oxide given off by the animals was absorbed by
potash.]

“Daring these experiments, my comrades and myself thought we
would breathe air mixed with carbonic oxide. Immediately (one
minute) a headache set in ; also a loud noise in the ears, dizziness,
throbbing temples, indistinctness of vision, sleepiness, and apathy
were among the sensations experienced” (p. 535).

“ It follows that the enormous poisonous activity of carbonic
oxide is caused only by lack of oxygen in the blood” (p. 548).

[The article is devoted chiefly to the theory of poisoning by car-
bonic oxide. This is the case with an article by Klebs in the same
publication, vol. 32, p. 451.]

(26) Gkehant: Complies Rendus, vol. 87, p. 194. [Experi-
ments were made with a dog weighing about thirty-two pounds,
who was made to breathe an atmosphere containing one per
cent, of carbonic oxide. He died in twenty-two minutes; and
while the normal blood of the animal contained, per one hundred
cubic centimetres, twenty-two and one-tenth cubic centimetres (0°
C., 760 m.m.) of oxygen, only eleven and four-tenths cubic centi-
metres of oxygen were found in his blood after death. Air con-
taining fifty-four hundreths per cent, of carbonic oxide killed a dog
in fifty-two minutes. The blood of the animal contained twenty-
one and eight-tenths cubic centimetres of oxygen before breathing
the mixture, while after death only sis and eight-tenths cubic cen-
timetres. A dog was exposed to atmospheres containing various
amounts of carbonic oxide, and the quantity of oxygen in his blood
determined before and after the experiment].

The results are given in the following table :

I’ercentage of Carbonic Tlme E e . Oxygon in 100 c.c. of Blood.
Oxide.

Before. After.

.2 30 min. 24.2 c.c. 14.2 c.c.

.1 70 “ 26.5 “ 15.4 “

.05 45 “ 21.8 “ 17.2 “

,025 60 “ 21.0 “ 19.9 “
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- (27) Deagendobff : Ermittelung der Oiflen, St. Petersburg,
1876, p. 78. “ Carbonic oxide must be designated as a poison
which is absorbed with especial ease by the blood through the lungs,
and taken to all parts of the body. The fact is that carbonic oxide
combines with the corpuscles of the blood, and sets free its own
volume of oxygen.”

(28) Husemann; Toxikologie, Berlin, 1862, p. 615. “Accord-
ing toLaurent and Thomas, an atmosphere which contains one part
of carbonic oxide to twenty volumes of air occasions intoxication.
Tardieu thinks even one per cent, dangerous. Experiments which
Tourdes made on animals showed that three per cent, was suffi-
cient to kill kittens in thirty-seven minutes, and that two per cent,

killed doves in only three minutes. One per cent, acted on mice
and small birds in two minutes ; five per cent., almost instanta-
neously.”

(29) Woodman and Tidy : Forensic Medicine and Toxicology ,

Philadelphia, 1877, p. 482. “Without discussing all the experi-
ments in detail, it may be broadly stated that the addition of ten
to fifteen per cent, of carbonic acid to air would render it poison-
ous. . . . Carbonic oxide ... is very poisonous. . . . Carbonic
oxide, when respired, passes freely into the lungs, as much as four
per cent, being found in the blood ofanimals exposed for from ten
to twenty-five seconds to an atmosphere containing ten per cent,
of the gas. When absorbed by the blood, it combines with the
haemoglobin. M. Grehant points out that carbonic oxide is elimi-
nated from the lungs (the organs through which it enters) as car-
bonic oxide, and may thus be distinguished from gases that undergo
combustion in the organism.”

[The experiments of Desormes and Clement, 11. Davy, Nysten,
Higgins, Tourdes, Lablanc and Dumas, and Letheby are then
referred to.]
“Carbonic oxide is, in short, a pure narcotic poison. The blood

after death was found redder than usual, the brain a little con-
gested, and the auricles somewhat gorged with blood. Effusion of
blood in the brain was always found in birds that had been poisoned
with it.
“The large quantity of carbonic oxide (often thirty-four per

cent.) in water gas would render its employment dangerous as an
agent of illumination.

“ In London gas the amount of carbonic oxide varies from about
five to seven per cent., light carburetted hydrogen from forty to
forty-five per cent., and olefiant gas from three to four per cent.
There is little doubt that carbonic oxide is the most actively
poisonous of the gases present. Indeed, some have stated that it
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is the only poisonous body (M. Tourdes). But it is more proba-
ble, as Dr. Taylor suggests, that the various hydrocarbons present
have also a noxious influence. It is curious, however, that in a
very diluted state carburetted hydrogen does not appear dangerous
to health, inasmuch as the miners breathe it continually without
any apparent ill effects resulting” (p. 487).

(30) Duflos : Handbuch der Analyse der Chemischen Gifte,
Breslau and Leip., 1873, p. 36. “But carbonic oxide gas, and
still more cyanogen gas, when present, occasions in reality the
injurious action of such air on the inhabitants of the apartments
in question. This action first shows itself by dizziness, vomiting,
stupefaction, and swooning, and at last causes death if the exposed
persons are not soon carried into the fresh air, and medical help
summoned. Even the amount of one-quarter per cent, carbonic
oxide gas in the air gives the above hurtful action.”

(31) Ivirchhoffer : Vergiftung dnrch Leuchfgas, Herisau,
1868, p. 108. “Besides, it is not the things removed by puri-
fication . . . which principally produce poisoning by illuminating
gas, but it is carbonic oxide. Also Husemann and Eulenberg are
of the opinion that the carbonic oxide in illuminating gas is to be
regarded as materia toxico princeps.
“ Tourdes removed the empyreumatic admixtures by treating

with sulphuric acid, and found the illuminating gas just as active
as before.”

[lie then quotes various authors, and shows that hydrogen,
marsh gas, and the heavy hydrocarbons are without any decided
poisonous action.]

“As we have seen, the active component of illuminating gas is
carbonic oxide, and the appearances in poisoning by illuminating
gas are identical with those which occur in poisoning by carbonic
oxide” (p. 113).

(32) Bandlin : Die Gifte und Hire Oegengifte, Basel, 1869,
vol. 1, p. 222. “ Carbonic oxide is one of the most violent of
poisons ; for, in an atmosphere containing only a few per cent, of
carbonic oxide, animals die after a short time. In men, a very
small amount mixed with air causes relaxation, headache, a
choking feeling, stupefaction, and death.”

[He does not consider carburetted hydrogen or olefiant gas as
particularly dangerous.]

(33) Pei.ouze and Dumas : Rapport de M. Pelouze au Conseil
Municipal de Paris, Journal of Gaslighting, London, 1854,
p. 529. Kirkham’s Gas. The use of this gas should also be
severely forbidden; and to prove it, your reporter need only cite
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the passage from the proces-verbal of your third sitting, in which
is reproduced the opinion given before the commission by M.
Dumas:

“Carbonic oxide,” said M. Dumas, “is a gas known from the
beginning of the present century; and for many years no one
thought of attributing poisonous properties to it; no man of sci-
ence suspected it. When, therefore, fifteen years ago, it was pro-
posed to me to employ water gas for lighting and heating, I must
acknowledge I did not hesitate to advise, in my course of lectures
the making of experiments in this direction.

“M. Selligue appropriated this idea, and made gas by the de-
composition of water, in the works at Batignolles, and rendered it
illuminating by means of schist oil. Neither M. Selligue nor any
one else then knew that this gas was poisonous : that was discov-
ered later by M. Leblanc in my laboratory; and we made some
decisive experiments.”

Leblanc’s experiments are then described: “M. Selligue be-
lieved, with the most entire good faith, in the excellence and inno-
cence of his process. He lighted a part of the town of Strasburg.
One night the gas penetrated into a baker’s shop, and several per-
sons died. This was the first proof of the poisonous properties
of this gas. Some time afterwards M. Dupuis Delcourt was desir-
ous of making a balloon ascent, and instead of taking h}’drogen
gas, he was obliged, by an accident, to take M. Selligue’s gas.
The balloon was inflated. In a few seconds the aeronaut fell, suffo-
cated in his ear. The balloon descended to the earth, and M. Du-
puis Delcourt recovered his senses; but persons who approached
the balloon to give him assistance themselves fainted and fell.
“ It has since been found that carbonic oxide may be collected

from blast-furnaces, and constitute useful fuel; but when the work-
men of the forges breathe it, they are struck, and fall. There are
hundreds of this sort of accidents, always transitory, because they
take place in the open air.
“It is impossible to admit that a gas producing such effects

should be employed in any close apartment, in a shop, or in a
theatre.
“ Such is the opinion of the honorable president of the commis-

sion; and If it is considered that the gas extracted from water by
the process of the ‘ L’Alliance ’ Company contains as much as
thirty per cent, of carbonic oxide, we may ask, as I had the honorto observe in the last sitting, whether there is any cause to approveof experiments resulting in the manufacture of a gas containingsuch proportions of poisonous substances. We cannot, gentlemen,b} our silence, encourage so dangerous a manufacture ; and it was
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with groat truth that one of our colleagues said, in one of our for-
mer sittings, that notions of this nature would be usefully pub-
lished, because they were not generally known.

“ It must be concluded from all this, that the gas of the com-
pany ‘ L’Alliauce’ should not only not be applied to the lighting of
a large cit}-, but that even its private use should be severely forbid-
den.”

(34) Tourdes : Gomptes Bendus, vol. 44, p. 96, 97.
“The point of departure of my researches has been the fol-
lowing fact: Trying to determine the action of different propor-
tions of carbonic oxide, I have found that a certain number of ani-
mals, when in a state of apparent death, easily recovered, and
could thus serve for new experiments. The two fundamental facts
are the harmlessness of the gas, and its anmsthetic action analo-
gous to chloroform and ether. An animal can be rendered sense-
less several times in succession, and promptly and completely re-
cover after each experiment. This proof can be repeated during
several days on the same animal without compromising his life.
Animals submitted to the action of carbonic oxide are plunged in
a complete anaesthesia, which can go as far as apparent death.” . . .

“ When the action of the gas is prolonged, the animal succumbs.
It is necessary to stop before ansethesia is complete. Death can
be sudden, with cries and convulsions ; more often it is quiet. The
transition from sleep to death is insensible. . . .

“ In verifying the anaesthetic action of carbonic oxide, it is a
duty to make known, at the same time, the dangers which result
from the gaseous form, and the difficulty of applying this agent,
so as to bear no responsibility for the accidents which may happen
some day.”

[Dr. Ozanam has also published a work on the anaesthetic action
of carbonic oxide, copious extracts from which are given in an ar-
ticle by Professor Morton in “ The American Gaslight Journal,”
March 2 and IG, 1878.]

(35) Casper’s Gerichtliche Medicin, by Liman, Berlin, 1876, 2d
vol., p. 5G9.
“ Carbonic oxide forms the deadly component of charcoal fumes

and also ot illuminating gas, of which it is to be regarded as an
impurity. Bunsen found 6.64 per cent, carbonic oxide in cannel
gas. As Eulenberg found only 2.54 per cent, of carbonic oxide
in charcoal fumes, it is easily understood that illuminating gas owes
ils poisonous properties to its percentage of carbonic oxide. We
have always found carbonic oxide in the blood in cases of poison-
ing by illuminating gas.”

INSPECTION OF GAS AND GAS METERS. [Feb.
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(36) Reissig : Handbuoh der Holz und Torf Gas-Fabrication,
Munich, 1863, p. 59.

[Speaking of wood gas especially, he says that its inhalation may
produce death.]
“ This latter gas, in particular, is dangerous on account of its

large contents of carbonic oxide. Hydrogen and marsh gas can
be much more readily respired without injurious consequences ; but
not so carbonic oxide. The poisonous effects of this gas are well
known. Every year the lives of many are sacriSced to it, per-
sons who are suffocated by the so-called charcoal fumes ; i. e., car-
bonic oxide. Great caution, therefore, should be used, and the
main cock should be turned every evening by some reliable person,
so that only small quantities of the gas can escape.”

(37) J. R. Wagner: Jahresbericht, 1860, p. 735.
[Schinz is of the opinion that water gas is not very poisonous

as he had breathed the air of a room that contained some carbonic
oxide and only experienced a headache.]
“Most readers of the Jahresbericht will not agree with Mr. C.

Schinz on this point. How many cases of deadly poisoning by
carbonic oxide have not been caused by the escape of unconsumed
wood gas (containing 20 to 30 per cent, of carbonic oxide)

(88) Werner: Lehrbuch derpractischen Toxicologic, Erlangen,
1869, p. 81.

“Although pure carbonic oxide possesses but little interest in
practical toxicologjq it has become a matter of great importance
on account of the continually increasing number of accidents re-
sulting from charcoal fumes and illuminating gas, in which car-
bonic oxide occurs mixed with other gases, and of which it forms
the specially poisonous constituent. The symptoms altogether
similar, and the condition of the body after death, prove conclu-
sively the truth of this latter opinion, although it is not to be de-
nied that other admixtures, carbonic acid for instance, may have
some effect. . . . That the poisonous character of ehSrcoal fumes
is due to carbonic oxide, is proved by the fact that their poisonous
nature is retained after removing the carbonic acid by lime water.
Illuminating gas, which, as is well known, is produced by the dry
distillation of coal or wood, and lately, also, of petroleum, varies
much in composition, according to the material employed, the heat
applied, and the more or less perfect purification. . . . Marsh gas,
like hydrogen, is only irrespirable,'but not poisonous. In the case
of olefiant gas this is not absolutely established, for, according to
some observers, it is said to produce a slight giddiness. Its effect
is certainly a very slight one, and on account of the small quan-
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tity found in the gas, it has probably no influence. We must then
consider carbonic oxide as the poisonous principle.”

(39) Eulenbekg. Handbuch der Gewerhe-llygiene, Berlin,
187G, p. 344.
“ The effects of carbonic oxide agree with those of carbonic acid

onty in so far, that with small quantities, there may also be decided
sj’mptoms of irritation, which, however, far more rapidlj- than in
the case of carbonic acid, pass into general prostration.”

[He continues, after enumerating the preliminary symptoms] :

“ If help is not rendered rapidly there follows prostration, with
somnolency, enlargement of the pupils, cold perspiration, coldness,
loss of feeling in the skin, relaxation of the muscles, difficult
breathing, slow pulse, and then death rapidly follows.”

[On page 347 the author gives a series of experiments on doves
and rabbits, .with mixtures containing carbonic oxide and carbonic
acid mixed with air in various proportions.] “We see from these
experiments that a slight increase of the amount of carbonic oxide
produces, altogether independently of the larger or smaller amount
of carbonic acid, the characteristic symptoms of charcoal-fume
poisoning. Might not the prolonged action of small quantities of
this gaseous mixture be of importance in the production of pul-
monary affections.” Page 352 : “In inhabited rooms the carbon-
ic oxide comes either from illuminating gas, from leak}’ pipes, or
from healing gases. . . .

“For sanitary reasons, on account of the
very poisonous properties of carbonic oxide, all processes in which
this gas is produced should be very strictly watched.” Page 601 :

“ The appearances in poisoning with illuminating gas agree in gen-
eral with carbonic oxide poisoning.” Page 602 : “In the case of
illuminating gas the most dangerous cases are those in which
poisonings occur in houses where no gas is consumed, and where
it has entered only in consequence of leaks from mains in the
streets.”

(40) On<*Poisouing b}'Charcoal Fumes and Illuminating Gas.
11. Biefel and Th. Poleck : Dingier's Polytechnisclies Journal,
vol. 240, page 199.

[Experiments were made with charcoal fumes. The mean com-
position of eight samples of charcoal fumes was; carbonic acid,
6.75 per cent.; carbonic oxide, 0.34 per cent.; oxygen, 13.19 per
cent.; nitrogen, 79.72 per cent. Kittens died in these fumes in
from one-half hour to four hours. A weak kitten died when there
was only 0.19 per cent, carbonic oxide; another, when there was
0.30 per cent, carbonic oxide. Illuminating gas mixed with air
gave mixtures containing 0.20, 1.48 and 0.53 per cent, of carbonic
oxide. Animals breathing those mixtures died in two hours and
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twelve minutes, two hours, and five hours and five minutes.]
“The carbonic oxide is increased to one-half per cent, of the
mixture breathed before it kills.”

[Experiments were made with the following mixtures:

Carbonic oxide, . .04 1.94 1.63 1.65 1.05

Carbonic acid, . .04 0.27 0.61 0.54 074

Oxygen, . .
- 20.50 20.52 20.50 20.60

Nitrogen, . .
- 77.29 77.34 77.30 77.64

Duration of exper-
iment, . . 20hours. 1 hour. 62 min. 26 min. 10 min.

Result, .
.

. Recovered. Death. Death. Death. Recovered.

An experiment showed that air containing 6.7 per cent, of car-
bonic acid only made the animal stupid, and it immediately recov-
ered when brought to the air; but with 60.4 per cent, carbonic
acid death ensued.

The result of breathing air mixed with .05 per cent, of sulphur-
etted hydrogen was death in one hour and fifteen minutes ; and
.037 per cent, of sulphuretted hydrogen caused death in one hour
and fifty-eight minutes.

Especial notice is called to the changes in properties and compo-
sition of illuminating gas that has passed through long laj'ers of
earth. Eepeated observations have shown that the peculiar odor is
almost removed when illuminating gas passes through considerable
superficially frozen earth, and is drawn into inhabited rooms.
Several cases of poisoning, some of them fatal, have occurred in
Breslau, especially in the winter of 1879-80.

In Breslau, March 3, 1877, gas was passed through a pipe about
eight feet long and two inches across. The sandy soil was packed
closely in the pipe, and the gas passed slowly and tested after some
time. The gas had almost entirely lost its characteristic odor. The
following analyses show its composition before and after passing
through the pipe :
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Before. After.

Illuminants, 4.66 0.69
Marsh Gas, 31.24 17.74
Hydrogen, 49.44 47.13
Carbonic Oxide, 10.52 13.93
Nitrogen 1.08 11.71
Oxygen, .00 6.55
Carbonic Acid, 3.06 2.23

100.00 100.00

The most marked changes are the decrease in illuminants and
marsh gas and the increase in carbonic oxide.

While only isolated cases of poisoning had occurred in former
years, in the winterof 1879-80, from December 17 to January 27,
there were ten such cases. The following are the details of the
severest case :

On the 25th of December, 1879, the porter of a penal institution,
who was an old man and lived in a detached building, suddenly
sickened, and died December 27, a. m. Everyone, including the
attending ph}- sician, thought he died a natural death. The porter’s
three sons and a niece came the same day and took some adjoin-
ing rooms in the same building. There was no cellar and only an
earth floor. On the morning of the 28th, the widow, as well as the
sons and niece, awoke with a feeling of violent sickness, dizziness,
lack of appetite, etc. Thej’’ felt better during the day, as they went
into the open air, but did not entirely recover. The symptoms
were the same as those of the father who died. The next morning,
the house remaining closed, people suspected an accident, and a
boarder entered by a window. The five people inside were found
unconscious, and the three sons, who were in a large room, were
apparently dead.

The women, who were in the next room, were soon resuscitated
and became comparatively well in the course of the day. The
sous were not out of danger until evening. They had slept in the
same room where the father died, and, as wras found later, near the
spot where the gas escaped. The sick ones were taken to hospi-
tals, and examination showed the carbonic oxide spectrum in their
blood. The blood of the father was subsequently tested, with the
same result. This shows that the death of the father and the sick-
ness of his five relatives were due to the same cause.
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The police investigation showed that as there had been no fire in
the stove for two days it could not have been a case of poisoning
by charcoal fumes. There was not an explosive mixture, as the
boarder put out a kerosene lamp that had been burning all night.
According to the director of the gas works there was a very bad
odor in the room, due to its not being aired, to the vomit, and to
the acetic ether, tincture of mustard, etc., used as restoratives.
This made it impossible to detect any odor of gas. After a few
hours’ airing the odor reminded one of gas. To prove this the
room was closed for a few da3'S, and then on entering the odor was
unmistakable. In two days a stream of gas could be lighted from
the cracks in the floor and burned with a luminous flame four
inches high. The work of finding the leak began on Dec. 28th;
but, as the ground was frozen three feet deep, it was not until Jan.
2d that a break in an inch-and-a-quarter gas pipe was found, thir-
ty-five feet from the nearest part of the house.]

(41) Vox Pettexkofer : Beziehungen des Leuft zu Kleidung .

Wohnung and Boden, Brunswick, 1873, p. 87. “ Remarkable
proof of the permeability of the ground upon which our houses are
built, and of their foundation walls, is furnished b}’ the leakage
from burst gas pipes in the streets, which every now and then has
killed persons asleep in the adjacent houses, even when there were
no gas pipes in these houses themselves. I know in m3 7 own ex-
perience cases where in this way 7 in one night often two and three,
and on one occasion five persons, on the ground floor, were poi-
soned by illuminating gas which escaped by a leak often more than
twenty7 feet from the walls of the house, and could never be re-
vived.” [He gives details of several cases. See Brooklyn Report,
p. 201.]

(42) Gruber: Dingier’s Polytechnisches Journal, vol. 241, p.
219.

[Animals were made to breathe air containing from 0.02 to 0.50
per cent, carbonic oxide, and lasted from ten hours to three and
one-half days. Even .06 to .07 per cent, carbonic oxide made a
perceptible change in the animals, —kittens, hens, and white mice.
The animals kept still, and their inspirations were very weak and
numerous. With .10 per cent, carbonic oxide the only 7 changes
were that the breathing was quicker and heavier, the mouth was
open, the nostrils moved, and often the body. The animals ate
little or nothing, and sat flat with outstretched forelegs. With .15
per cent, of carbonic oxide there was still further appearance of
sickness, and the ears, etc., became red. Besides very difficult
breathing there was also‘unsteadiness and feebleness of motion.
The animal swayed when he sat up or walked, and the hind legs
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did not respond fully to the will. The head could not he held
upright, and equilibrium was scarcely preserved. These effects
did not increase even by nine or ten hours’ breathing of the mix-
ture. If the carbonic oxide was further increased the animal could
not stand up, or sometimes leaned up against the box in the most
awkward positions and in deep stupefaction. lie did not notice
pounding or noise. Breathing quiet, but number of inspirations
still high ; but far less than with dilute carbonic oxide, and deeper.
Occasionally the animal aroused himself a little and made unsuc-
cessful attempts to get up.

The higher the carbonic oxide the more earnest were these
attempts to get up ; and they assumed a crampy character. Still
the animals could bear this a long time. Gruber let kittens breathe
air containing

0.20 per cent, of carbonic oxide 12 hours,
■ 0.28 “ “ “ “ “ 8 “

0.36 “ “ “ “ “ 3 “

without fatal results. If there was 0.40 and 0.50 per cent of car-
bonic oxide present death soon occurred.

These experiments show that even the smallest amount of this
gas is poisonous or harmful. They show that the symptoms of
poisoning do not increase if the percentage of carbonic oxide is
kept constantly small.

The intensity of the poisoning depends principally on the con-
centration and not on the duration of the action of the gas.]

(43) S. von Fodor: Vierteljahrsschrift fur offentliche Gesund-
heilsjiflege, 1880, p. 377.

[Fodor made a great number of experiments with kittens and
found that 0.40 per cent, of carbonic oxide stupefied them in four
hours ; 0.31 per cent, in twenty-four hours, and even 0.13 per cent,

occasioned severe symptoms when breathed several days.]
(44) Henry Morton: American Gaslight Journal, Mar. 16,

1878. “To sum up, then, in a few words, it seems to us that as far
as the weight of authority goes, carbonic oxide stands condemned
as a rank poison, very exceptionally dangerous as compared with
the other constituents of illuminating gas.” [He found the follow-
ing results when coal and water gas were burned. One hundred
parts of each gas were taken.

Kind of Gas. Oxygen required. Carbonic acid found.
Hoboken, . . . Coal. 183.4 64 9
New York Municipal,. Water. 151.2 99.9

The municipal gas had a considerably higher candle-power than the
Hoboken gas.]
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Water Gas Hearing , Boston, 1884, p. 273. [He says, in relation
to water gas] : “My opinion to-day, after I have seen, as I think,
practical demonstrations of its great danger, is, that even with
considerable advantages, its use should not be permitted.”

(45) Wood : Water Gas Hearing ,
Boston, 1884, p. 124.

“ Carbonic oxide differs from the other constituents [of illuminat-
ing gas ] in being a true physiological poison, whereas the others
are simply irrespirable: that is, they do not support life. Car-
bonic acid gas, for instance, simply suffocates a person ; but car-
bonic oxide enters into the chemical composition of the blood
globule, and prevents its performing its physiological function.”
Page 123 :

“ The mixture of water gas with cannel or petroleum
gas appears, however, practically to be but little, if any, more dan-
gerous than common coal gas . . . because its presence can be
detected as easily as coal gas is.”

(46) Silliman. Water Gas Hearing , Boston, 1884, p. 265.
“That the presence of this toxical factor increases the risk conse-
quent on the breathing of an atmosphere, in a confined space, into
which illuminating gas is escaping, can hardly be doubted. That
there is more toxical power in a gas containing thirty per cent,
carbonic oxide than in one containing eight per cent, appears to
me evident; e. g., consider the common case of the accident of
escape of illuminating gas into a small sleeping apartment
from a single outlet of, for example, five cubic feet flow per
hour, and assume the time as ten hours, during which the
flow continues into a room of one thousand cubic feet capacity (a
small bedroom) ; the volume of gas discharged would be five per
cent, of the contents of the apartment. But if we assume the
amount of carbonic oxide present in the gas to be eight per cent., it
is easy to see that the quantity of this toxical agent liable to be
inhaled is only four-tenths of one per cent., a quantity which
can hardly be considered as a safe dose, if inhaled for a long time ;

but if this dose is raised to, say, two per cent., fatal effects would
probably follow its continued inhalation.
“Fortunately for the safety of consumers of gas, the offensive

smell which even a small volume of illuminating gas produces,
when it escapes into an apartment unburned, is a safeguard against
disaster alike from inhalation, and the risk of an explosion when
gas mingled with common air comes into contact with fire. . . .

My views relative to the risk from carbonic oxide have undergone
a gradual change, owing to the increasing number of disasters in
sleeping apartments, due to escape of gas drawn from pipes con-
veying hydrocarbon gas, leading to the conviction that fatal results
march with the increase in this factor.”
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(47) Abbott : Water Gas Hearing , Boston, 1884, p. 345.
“The law contains a limit in regard to the amount of carbonic

oxide allowable in illuminating gas. This ingredient of gas is
poisonous to life, . . . and it would certainly be objectionable to
do away with the limit, or to raise it beyond what it is now, on
that account.”

(48) Babcock : Water Gas Hearing , Boston, 1884, p. 353.
“ There are several reasons why, in my opinion, water gas would

be more dangerous if it leaked into a bedroom than coal gas : first,
and principally, on account of the greater proportion of carbonic
oxide which it contains, but also on account of the greater anaes-
thetic effect which it would have.”

(49) Nichols: Water Gas Hearing , Boston, 1884, p. 307.
“ It seems to me that there is no question that in ordinary coal

gas, and in water gas as well, the poisonous property is carbonic
oxide. . . . There is no question that in most, at any rate, of the
cases of poisoning that have been investigated, the symptoms,
from what observations could be made, all lead to the idea that it
is the carbonic oxide in the gas that produces the effect. . . .

“ I should be opposed to the use of any gas which contained a
much larger percentage of carbonic oxide gas [than coal gas]. I
believe that thereby the dangers that inevitably attach to the use
of coal gas are very much increased.”

(50) Maekoe : Water Gas Hearing, Boston, 1884, p. 314.
“ I heartily agree with the opinion, that if it were possible to

make illuminating gas without carbonic oxide, it should be made :

and I heartily indorse the opinion that only the minimum propor-
tion shouldbe allowed by law.”

(51) Shepard : Report of Health Commissioner on Illuminat-
ing Gas , Brooklyn, 1883, p. 208.

“ Not only will water gas kill more rapidly than coal gas, but
very much so. And what is to the point - the effect of escaping
uniguited water gas on a sleeper in a close appartment is so
speedily deadly, that the chances are largely in favor of his being
found dead in the morning ; whereas, if it is an escape of coal gas,
the chances are largely in faver of his being rescued alive, and that
his stupor will soon pass off on his removal to fresh air, and on the
administration of restoratives.

“ It will not be possible to confuse the public on this score.
Everj’one will appreciate the difference between a gas which
destroys life before outside attention can, under ordinary circum-
stances, be attracted and help brought in time to save an uncon-
scious sleeper ; and one whose action is so slow that fatal results
from its inhalation in bed-chambers are extremely rare.”
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(52) Wayne : Brooklyn Report, p. 377.
<■ We often read and hear of such accidents with [coal] gas, but

they are seldom fatal, and the victims of such accidents, by removal
to pure atmosphere, soon recover. But I am very much of the
opinion, should the leak occur with water gas, that the victim
when found would be past human aid; instead of the physician,
there would be a call for the coroner.”

(53) Pelouze ; Brooklyn Report , p. 199.
Paris, Oct. 15, 1875.

34 Rue Dclaborde.

Mr. James Smedberg, San Francisco, Cal.:
Dear Sir. —You can letMr. Bartol know, in answer to his ques-

tion, that there is no law prohibiting Paris from using gas obtained
by the decomposition of water. What follows will explain how
such a thing could be supposed. In 1855 the different gas works
for illuminating the city of Paris and its surroundings wr ere united
to form one single company, the Parisian Gas Company.

A commission appointed by the municipal council of Paris, and
the Prefect of the Seine Department, had previously examined the
different processes for making illuminating gas. On their report
the municipal council imposed on the Parisian company the obliga-
tion of making their gas by the distillation of coal, rejecting all
other processes, among them that of gas from water. One of the
principal reasons for the rejection of this gas from water was, in
effect, the presence of a large quantity of carbonic oxide in a gas
thus obtained, capable of causing asphyxia, and the formation of
explosive mixtures.

By said agreement with the city of Paris, the Parisian company
has the exclusive right to lay 7 their pipes under the streets or public
ways; this is equivalent, indirectly, to a prohibition of any other
system of lighting which requires subterranean pipes for its dis-
tribution.

This regulation does not prohibit any person from lighting his
own premises as he may7 wish, with gas from coal, portable gas,
which is carried to the domicile of the user, petroleum, oils, etc.,
providing they conform to the police regulations.

There is no law or regulation that prohibits the employment of
gas obtained by the decomposition of water.

Nevertheless, I repeat it to you, the Parisian company cannot
manufacture or distribute by their pipes any but the gas obtained
by the distillation of coal.

Yours truly,
[Signed] EUGENE PELOUZE,

Director of Gas Company.
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(54) Bromeis : Dingler’s Polytechnisches Journal, yol. 154,
p. 35.
“ There are especial difficulties in the application of hydrogen

gas to heating or lighting on account of complaints which are
raised in relation to the health of consumers. These arise from
the very considerable proportion in the gas of carbonic oxide, which
gives rise to the most dangerous cases of asphyxia.”

(55) Anderson: American Gaslight Journal, 1878, p. 191.
“ I have, I hope, now succeeded in actually demonstrating to

you the deleterious effect upon the illuminating ingredients in coal
gas, of carbonic oxide gas. I feel very sure the time will come
when you will regard the carbonic oxide of coal gas as you do its
other impurities, as sulphuretted hydrogen, ammonia, carbon bisul-
phide, etc., and adopt such means for its removal as science, justi-
fied by practical experience, may place at your command.”
[Experiments were made showing that hydrogen was a much
belter diluent for gas than carbonic oxide, regard being paid to
the light produced.]

(56) Percy R. Frankland : Journal of the Chemical Society,
London, January, 1884.

[He gives the results of his experiments, which show that marsh
gas is a better diluent than either hydrogen or carbonic oxide;
and that hydrogen is better than carbonic oxide. The light given
was the only thing determined.]

(57) Hofmann: Bericht liber Chemische Industrie, Brunswick,
1875, p. 29.

“ In order to use hj'drogen in a large way for street-lighting, . .

the method of Felix Montana (an Italian, who made his experiments
in 1780) can be used. Here the decomposition of water is effected
either by red-hot iron or by glowing coal. Donovan, in Dublin,
1830, founded his method on the use of coal. This method of
Donovan has been described again and again, with modifications
that refer partly to the practical apparatus, and partly to decreas-
ing the quantity of carbonic oxide in the gas. The presence of
this poisonous gas was at first with justice urged against the use of
water gas. Langlois found, by using Kirkham’s apparatus, passing
steam through iron retorts filled with hot coke, gas of a tolerably
constant composition ; 58-60 per cent, ofhydrogen, 19-26 per cent,

of carbonic oxide, and 15-20 per cent, of carbonic acid. It was
found, later, that carbonic oxide, in the presence of steam at a high
temperature, was oxidized to carbonic acid, so that by using an
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excess of steam a gas containing little carbonic oxide was obtained.
The formula upon which it is founded is C-f2H2 O =2 H 2 -f-
C 00 , [or one part of carbon, plus two parts of water, gives two
parts of hydrogen, and one of carbonic acid.]

“At Narbonne, where this was used, . . . Verver, in 1858, found
3.54 per cent, of carbonic oxide, other chemists, from two and a

half to five per cent, carbonic oxide. In the water gas of Pass}',
Payen found six per cent, of carbonic oxide. .

. . Milk of lime or
soda was used for removing the carbonic acid.”

[There is given a letter from Prax, the agricultural chemist of
Narbonne, stating that this gas was used at that place for nearly
ten years, but was finally replaced by coal gas.]

(58) Bradley : Report on Experiments in the Manufacture of
Hydrogen Gas, New York, Nov. 1, 1882.
“ In conclusion, I may say, that I can see no practical difficulty

in the manufacture of the proposed illuminating gas on a large
scale, provided the carbonic acid can be taken out in the lime
chamber, so that the gas will require no subsequent purification ;

that I believe it can be made at about the same cost as water gas
(so called), the items of fuel, labor, naphtha, and all materials
being, in my opinion, for the production of gas of the same qual-
ity’, very nearly the same.”

[The gas was analyzed by A. H. Elliott, who found the following
averages for carbonic oxide. Forty-two analyses of crude hydro-
gen, from steam and naphtha, gave 8.86 per cent, carbonic oxide.
Twenty-two analyses of crude hydrogen, from steam and crude
petroleum, gave 6.63 carbonic oxide. Four analyses of crude hy-
drogen, from non-superheated steam and crude petroleum, gave
9.55 per cent, carbonic oxide.]

(59) Max Gruber : On the Detection and Poisonous Qualities
of Carbonic Oxide and its Occurrence in Dwelling-rooms.

Welitschkowsky : Experimental Researches on the Diffusion of
Illuminating Gas and of Carbonic Oxide in the Soil.

Wolffberg : Poisoning with Eluminating Gas by the Breaking
of Street Mains.

Archiv fur Hygiene, Munich, 1884.

(60) Fames : Water Gas Hearing, Boston, 1884, p. 57.
“I don’t think there is much difference in coal gas and water

gas, in regard to their explosive properties very little, if any.”
[He had had practical experience with water gas.]
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The following chemists have expressed opinions more or
less at variance with the foregoing abstracts :—•

rage.
E. Frankland, Report of Health Com., Brooklyn, N. Y., 1883, . 248
A. Wurtz, “ “ “ “

. 249
Doremus, “ “ “ “

. 250
Moore, “ “ “ “

. 256
Jones, “ 11 “ “

. 252
Croft, “ “ “ “

. 253
Pike, “ “ “ “

. 253
Love, “ “ “ “

. 254
Remsen, “ “ “ “

. 6 and 409
Nason, Water-gas Hearing, Boston, 1884, .... 49
Regius, Chauvenet & Bro., Water-gas Hearing, Boston, 1884, . 61
11. Wurtz, “ “ “ . 169
Also Brooklyn Report, 255
Aiken, Boston Hearing, 174
Wilson, “ 175
Hunt, “ 153
Chandler, “ 33, 34, 35, 36,45
Also Brooklyn Report, ........ 251


