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STABLE VENTILATION. 

M. H. REYNOLDS AND C. C. LIPP. 

Readers will kindly bear in mind that this is to be a 
study of ventilation, from the standpoint of the confined 
animal. Questions of stable architecture with reference to 
yentilation are not considered. 

\Ve trust that this Bulletin will not be taken as an 
argument against the wholesomeness of fresh air, but 
rather as a prelimir.1.ry study of certain important and 
perplexing problems in connection with the general sub
ject of stable ventilation. It is generally conceded that 
this is a very important subject, and one concerning which 
we have very little practical information that is valuable, 
and very little technical information that is reliable. This 
preliminary bulletin will serve as an introduction for the 
series that is to follow, .and present our foundation work. 
In this is given a general statement and an explanation 
of technique and methods together with a discussion of 
existing information on the general subjects of respira
tion and ventilation. Subsequent bulletins will contain the 
results of original work "·hich has already extended over 
a period of two years. 

There are wide variations in statements of writers 
()11 house an cl stable hygiene; great differences of opinion 

Tl1e experimental worl{ mentioned in this bulletin has been had 
in mind by myself for several years. The actual laboratory work was 
.Jone almost entirely by nn n.ssistant. Dr. C. C. Lipp, to whom all credit 
is due for the very careful way in which he has done the large amount 
of slow. eye-wearing, and tedious blood and urine "·ork, and for his 
\·er>· careful record "~ork.-Reynolcls. 



STABLE VENTILATION. SY 

concerning the amount of air needed, and little available 
information that is based on any actual demonstration 
or other source of positive knowledge. The whole subject 
seems to be in a very unsettled and unsatisfactory concli
tion. Any one who is interested may go into supposedly 
\veil ventilated stables and find some of the inlets are 
letting air out, and some of the outlets are letting air in, 
and some are not working at all. 

Cattle seem to thrive under what is apparently the 
"·orst possible conditions of stabling. Beef cattle fatten 
well, and dairy records are made in stables that are simply 

abominable from recognized standards of good stabling. 
Ancl it is easy to find herds that are doing very badly in 
stables of apparently the best possible construction. Some 
of these problems ought to be cleared up in the near future, 
and we hope that work in progress at this Station may con
tribute toward this result. 

Stable ventilation in uur northern states during· our 
long a1:id cold winters is a difficult problem at best. To get 
anything like the amount of air clemandecl by most author
ities is certainly impracticable. If less is compatible with 
the he~dth and comfort of our confined stock, it is very 
important that we kno\\· it ancl be quite sure of it. If what 
we call moderately or e\·en decidedly foul stable air is not 
commonly inimical to the health and comfort of these 
animals. or to the owner's profits, then. it is of the utmost 
importance that \Ye know this also. 

The standard set for people giving each person 1,000 
cubic feet of air space and .to keep the carbonic gas* below 
.07 per cent., is 2.000 cubic feet of fresh air per hour. \Vith 
a horse or cow weighing 1.000 pounds, these in proportion 
would be multiplied by about seven and this means ap
proximately 14,000 cubic feet of fresh air per hour per 
animal. This is apparently a hopeless consideration in 
J\1nnesota at mid-winter with an outside temperature of 

-------------- -

• Jforeaftcr this gas will be refrrrcd to as C02. 
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20° or 30° ancl even 40° below zero. A prominent writer on 
veterinary hygiene asks for 32,000 cubic feet of fresh air 
per hour per horse. 

The real problem with which vve have to finally deal, 
is how little air is compatible with normal health, and com
fort of the stock, and with economic feeding. 

In some cases our stock is confined in relati\·ely small 
stables and in other cases they are confined in relatively 
large stables, and we may have here two different problems 
to deal with. In the one case it is oxygen starvation, and 
in the other possible C0 2 or other chemical poisoning. 

It is evident that an animal can breath air containing 
many times the quantity of pure carbonic acid gas found 
in pure air, without being seriously affected. It is also 
generally believed that air containing a large quantity of 
carbonic acid gas also contains seyeral nitrogenous im
purities of unknown nature. These impurities are suppos
ed to be produced by metabolic processes and to be present 
in the air in proportion to the existing quantity of carbonic 
acid gas. 

Stable air as it is.-F. Smith reports the following 
analyses of stable a1r for CO~. Average of 28 analyses . 
. 14%. 

In another series of 25 analyses, made in the same 
stable, he found .21 %- The largest amount found in any 
analysis was .266%, and the least .057%. 

Leblanc found in the air of a French military stable 
.7% of C0 2 • Dr. de Chaumont found in two stables res
pectively .1 and .058%. :Marker found in a German stable 
.85 % and 1.7%. Dr. Angus Smith reports two analyses 
(no information concerning stable) of .083% and .087%. 
F. Smith gives a total of .06% as the limit of permissible 
C02 impurity, counting .04% as the normal of outside air. 

It is difficult to estimate the value of these figures, be
cause we ;:ire given no informatinn concer11i11g- the char
acter nf 1 he \·entilatinn, the di.stance from the Aonr :i.t 
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which the air samples were taken or from what portions of 
the stable. 

Some figures quoted by F. Smith in his "Animal 
Hygiene" give the following, which is certainly somewhat 
surprising: "Air taken six feet from the ground contained 
.09%, C0 2 at one foot from the ground, .06% C02 • 

F. Smith found .042 grains of some ammonia salt 
(not specified) in 100 cubic feet of air of a badly ventilated 
stable, and states that the albuminoid ammonia in a badly 
ventilated stable is always high, ranging from .039 to 
.193 grains per hundred cubic feet of air. 

In our own work with an animal closely confined in 
the Closed Stall described later in this paper under "Ex
perimental \V ark," \\:e obtained the following record 
of the percentages of C0 2 • in this stall after confinement 
for varying periods as specified. 
Red Jim, weighing about 500 pounds, after six hours ......... . 
Red Jim. weighing ahout 500 pounds, after twelve hours ... . 

Average of two 24 hour periods ........................ · 
After 27 hours ......................................... . 
After 40 hours ......................................... . 

Yellow Jim, weighing 700 pounds, after six hours ............. . 
Yellow Jim, weighing about 700 pounds, after fifteen hours ... . 

Average three-24 hour periods ....................... . 
Arter 42 hours .......................................... . 

.94% 

.71% 
1.03% 

.74% 

.GS% 

.96% 

.52% 
1.09% 

.98 

It should be said in explanation of these figures, that 
the condition of the atmosphere in the stall varied greatly 
when these periods began. Our records show also that 
frequently, perhaps as a rule, the C0 2 • content reduced 
rather than increased after varying periods of 6 to 24 
hours. This may be due to the formation of ammonia 
(NH:;) by fermentation, and then union of this with the 
carbon dioxide (C0 2 ) forming ammonium carbonate. A 
small portion of the C0 2 is probably taken up by the 
water present on ·walls and ceiling. These records were 
not taken for the purpose of determining the amount of 
C02 that would develop from an animal of given weight 
in this stall in given periods of time, but merely to get the 
percentage of C0 2 tn g·o '' ith the l)lood counts ;ind nt her 
data for experiments in progTes:-;. 
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Respiration is a process by which oxygen is carried 
to the tissue cell or food material to be oxidized, and 
includes the oxidation, and elimination of C0 2 . This in
volves a double series of exchanges, one occuring at the 

· lungs and ·a reversed series occuring mainly at least in the 
tissue cells. As a result of the continuous oxidation 
processes in the body, carbonic acid gas and various other 
waste products are produced. The oxygen is carried to 
the tissues by the blood, and the waste products washed 
away from the tisues by the same fluid. But the blood 
cannot unite with sufficient oxygen, or eliminate its car
bonic acid gas unless brought in contact with the air 
through the proper organs. It is in the lungs that the red 
blood cells load up ·with oxygen·, and it is here also that 
the carbonic acid gas is eliminated from the plasma. As 
the result of analyses made by \'arious investigators it 
\Nas found that pure air contains from .029 to .03-J. volumes 
per cent of carbonic acid gas. \Ve shall consider it a verag
ing .03 volumes per cent, and whenever in the following 
pages, reference is made to pure or outdoor air. it is 
assumed to contain the average quantity of this gas. 

Since oxidation or tissue respiration is a continuous 
process, oxygen must be continuously supplied to the 
tissues and their waste pro cl ucts con tin uousl y rcmo \'eel. 
\Vhen the waste matters are discharged by the lungs into 
a closed space, as happened when our experimental 
animals were confined in the closed stall, the quantity of 
carbonic acid increased to many times the quantity in 
pure air. \\! e increased it to 2.67 volumes per cent in a 
closed stall; that is, 89 times the average quantity in pure 
air. The quantity of oxygen absorbed and probably 
needed is in direct proportion to tissue activity. 

Gases in the blood are either in solution or in cheni.ical 
combination. Most of the oxygen is in chemical combina
tion with haemoglobin of the reel blood cells, as oxyhaerno
g-lohin, and is all the time under sufficient tension to con
tinue it-; association \\·itli hacmoglobi11. 
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These gases, the C02 in the blood and oxygen in the 
inspired air are separated by a thin animal membrane; 
and nature is constantly endeavoring to equalize and 
satisfy pressures and chemical affinities between free gases 
on one side of this membrane and gases held by a liquid 
on the other side. Aside from chemical combinations each 
gas moves either way according to the partial pressure 
of the gas on one side and the tension of the same gas in 
the liquid on the other. The tension of oxygn in venous 
blood is estimated at 22.04 m. m. mercury and in alveolar 
air about 100 m. m. The tension o( C02 in the venous 
blood is 41.04 m. m. mercury, and in the alveolar air 23. 
These variations in pressure_ and tensions do not account 
for all exchange, however. The living tissue cells perhaps 
by simple chemical affinities may interfere. 

Landois holds that while these changes are essential
ly of chemical nature, certain physical forces play im
portant parts. He holds that the association and dis
association are favored and hindered according to the 
partial pressures and tensions; for example, haemaglobin 
i.n yenous ·blood under low tension is exposed to oxygen 
under high partial pressure in the lung capillaries and so 
takes it more rapidly and easily tha11 when the partial 
pressure of oxygen in the air is very luw. 

Each person or animal absorbs a certain volume per 
cent of the respired oxygen of the air and excretes a 
certain per cent of the C0 2 for the total air respired. The 
horse consumes .437 grams of oxygen per kilo of body 
·weight per hour. The cow consumes .SS. 

The factors that vary the proportions of oxygen 
consumed and C02 excreted are body weight, amount of 
body surface, rate and depth of respirations. Vle have 
the lowest possible rate of respiratory change during fast
ing, something higher on a non-nitrogenous diet, higher 
still on a mixed diet, and the highest degree of respiratory 
acti,·it ,. on a nitrog·enous diet. The yo]umcs of oxygen 
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absorbed and C0 2 developed, increase rapidly with in
crease of body temperature or physical activity. Muscular 
activity greatly increases the oxygen consumption. Phy
siologists tell us that even shivering multiplies the res
piratory activity by two. External cold has a somewhat 
similar effect. 

Injurious effects of "foul" stable air.-\i\T ri ters and 
teachers on the subject of hygiene, human and veterinary, 
have always taught the general proposition that unventi
lated air is harmful. There are many classical examples 
which have been quoted over and over concerning the bad 
effect of foul air. They are presumably correct historically, 
but possibly the explanation has been wrong. One author
ity (Paige) tells us that diseases develop rapidly and tend 
to assume an acute character where sick animals are moved 
from good hygienic stabling to those that are dark and illy 
ventilated, and that wounds that are ordinarily trivial 
tend to become serious under conditions of bad stabling. 
The same authority tells us that malnutrition, enervation, 
loss of flesh, inflammation of various mucous membranes, 
may result from the action of impure air. The explanation 
given is that such condition of stabling tends to depress 
vital functions and lessen resisting powers. 

These general statements are probably true, but it 
may be quite time to suspect the accepted explanation. 

vVe are told by other writers on animal hygiene that 
"organic matter" from bodies of confined stock kept in 
badly ventilated and crowded stables, by its decomposition 
produces disease. 

F. Smith makes the following statement concerning ex
cess of C0 2 . That it "Produces serious changes in the 
blood, reducing circulation and causing dyspnea. The ani
mal becomes sleepy, the heart action fails, and anaesthesia 
is produced." Smith makes also the following statemen_t: 
"C0 2 reduces arterial tension anq causes paralysis of the 
heart," and states that it is rapidly fatal if it exists in a 
larger proportion than 1. per cent. This seems absurd 
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when \Ve have had a Jersey steer getting fat in 2.67%, C02 • 

Available evidence.-Reynal and Reiset found that 
when an atmosphere was given an excess of oxygen and 
C0 2 that 17.23 per cent. of C0 2 might be present without 
injury to exposed animals. This was explained on the 
theory that the oxygen protected. 

r\. study of the effects of variations of the respired air 
on absorption of oxygen and excretion of C02 shows that 
as the oxygen content goes above normal there is no in
crease in the amount of oxygen absorbed. A decrease in 
the oxygen content of the respired air does not alter the 
amount of oxygen absorbed until we reach the low level 
of 13 yolunies per cent., but this is lower than we will find 
in any stable. Unquestionably excretion of C02 may be 
checked. difficult respiration occur, and even -actual re
absorption of C0 2 may occur provided there is a very high 
percentage of this gas in the stable air-and with oxygen 
normal. ..-\t 3 to 4 yolumes per cent. of C02 the excretion 
oi this gas may he reduced 50% according to certain 
authors. but no apparent harmful effect has been shO\vn. 
\Ve remember also in this connection that the excretion of 
co!! cluring a gi\·en period may be quite independent of 
the percentage of oxygen in the air, and even of the quan
tity of oxygen absorbed. Ten volumes per cent. of C0 2 

is commonly considered seriously toxic, but vVilson has 
shown that 25 and even 30 per cent. may be respired. for 
a considerable time at least, 1Yithout harm. 

A goocl authority (Landois) tells us that tissue meta
bolism is not disturbed by variations of oxygen between 
10.5 and 87 per cent. Below 10.5 there is increased ex
cretion of nitrog-en, C0 2 , lactic, and oxalic acids. A large 
increase of C0 2 in the air may cause increased respiration. 
but the excretion of C0 2 and absorption of 0 are both 
diminished. Theoretically the reduction in excretio:1 of 
C0 2 would continue until its tension in the bood eqL!:decl 
its partial pressure in the inspired air. The consumption 
nf nxq:;·cn ll\· the body is but 1itt1 e dis turlicd liy t Ji e di 111i11-
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isheJ oxygen, so that an animal confined in any ordinary 
stable atmosphere poor in oxygen would st;I! cct1Ty on 
about the same rate of tissue change, so far as the action 
of diminished oxygen would be concerned. 

\Vorm-.Miiller reports that animals breathe naturally 
in an atmosphere containing 14.8 volumes per cent. of 
oxygen, but if this is reduced to 7 volumes per cent. the 
respirations become slow and deep and labored; there is 
severe dyspnea at 4.5 per cent. and rapid suffocation at 3 
per cent. Speck more recently reports respirations quiet, 
and no material change in the oxygen absorbed at 13 vol
umes per cent., and eve11. at 9.65, animals would get OH 

surprisingly well for a long time. There was much less 
oxygen absorbed at 8 volumes per cent. and the respira
tions were deep and slig·htly hurried, but the animal soon 
dies. (Speclc) The total amount of oxygen taken in re
duces with reduction of oxygen in the air clown to 11.26 
volumes per cent. Below this there comes a compensatory 
increase in the total amount of air respired. In general we 
may say that as the actual proportion of oxygen in the air 
decreases the relative proportion of oxygen absorbed in
creases clown to 11.26 volumes per cent., below which 
figure the relative proportion of oxygen absorbed does not 
111crease. 

Respiration in a small closed space causes rapid dim
inution of oxygen and in the absence of ammonia, rapid in
crease of C0 2 , and a slight loss in the total quantity of gas 
content. If this space be large the C0 2 will increase con
siderably before the oxygen is injuriously reduced. An 
animal may be confined in a small space with 
air contammg artificial surplus of oxygen, and ul
timately die from reabsorbed and retained C02 • The 
blood will then contain very little oxygen and 
death comes by true asphyxia. In a large space, however, 
death is said to occur ultimately from C02 poisoning whe1:i 
the air may still contain over 50 per cent. oxygen. But 
the per cent. of co~ must be many times larger than can be 
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found in any stable that we may expect to find. Venous 
blood contains about 45 volumes per cent. of C02• About 
5% of this is in simple solution, 10 to 20 per cent. in firm 
chemical combination; 75 to 85 per cent. in loose chemical 
combination. But suppose venous blood does contain 45 
volumes per cent. of C0 2 , we never have a higher partial 
pressure or proportion of C02 in the worst stables than ap
proximately 2 per cent., which is about 50 times the pro
portion of C02 found in good air. There would be nothing 
whatever in this proportion of 2 per cent. to interfere with 
the release of C02 from the haemoglobin and no possibility 
of causing· reabsorption in any probable stable percentage. 

vVhen this Bulletin was nearly finished, "The Year 
Book of the Department of Agriculture for 1904" was re
ceived, and in Dr. Atwater's report on "The Respiration 
Calorimeter," vve find on pages 216 and 217 some very 
valuable evidence on this question and closely corroborat
ing with men, results which we have previously had with 
cattle. Apparently this information was developed inci
dentally in the course of work with other problems and 
was so surprising as to call for extension and reporting. 

Dr: Atwater reports that their subjects could appar
ently get along just as well with one-tenth of the ventila
t>ion usually advocated; that the C02 in the respiration 
chamber is never less than 8 to 10 times the normal. 

In one case the subject breathed uncontaminated air 
for 24 hours, and then a~mosphere that was rapidly con
taminated, the rate of ventilation was much reduced ancl 
co:.! allowed to accumulate until it reached 2.3%-normal 
air having about .03%. The subject was not told anything 
concerning the experiment in progress. This was clone 
so as to avoid any possible mental suggestion effect. So 
far as could be detected the subject was in absolutely 
normal condition for the individual. He was not at all 
languid, mentally inefficient, or lacking in appetite. It 
should be explained in this connection that the air in the 
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respiration chamber was kept dry and otherwise pure, by 
chemical means. 

Original work-Certain features of ventilation work 
that has-been in progress for some time at the Minnesota 
State Experiment Station may be helpful here in this study 
of available evidence. 

vV e have been working for several years, and while 
we are not ready to report fully, we may say that our re
sults have been quite surprising at times, and even con
fusing. 

Certain questions appeared at the very beginning, 
which seemed to block the way until settled. Certain 
things must be established for a basis on which to build. 
It seemed necessary to define the injurious effect and to 
establish, if possible, some standard or method of measur
ing the injurious physiological effect, if any, of naturally 
vitiated stable air of varying grades of impurity. \A.Te 
wished to establish some means of determining a range of 
permissible impurity above which the change in the at
mosphere became distinctly injurious. 

Then again, we ·wished to establish something in the 
way of a standard of normal health so that we may be 
able to say that the animal ·with which we were working 
was in normal health at certain periods. Vv e wished to 
determine also whether ·what is ordinarily called foul stable 
air is really injurious to the confined stock, a cause of dis
comfort to them, or inimical to the farmer's profits. 

But the fundamental problem underlying all of this 
\Vork is i1wolvecl in an effort to determine the least amount 
of air change necessary to maintain normal health and com
fort of confined animals. For the comfort of confined 
stock, economy of production, particularly with dairy 
stock, and for other reasons, it is important that no more 
air change in winter be induced than is really essential for 
health, comfort and profit. 

It seemed probable in our first hasty reasoning that 
:b nxyg:en decreased :-tncl co~ incre:-tsecl in the atmosphere 
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of stalls, the red blood cells would increase to compensate. 
But it is easy to see the error in this when we recall that 
each red cell loads up to its chemical capacity any way, 
practically regardless of the oxygen content of the air un
less this be reduced to a point where there is no reasonable 
probability that it could ever occur under actual stable 

' conditions. So far as we now know, the urine affords the 
best available evidence as to tissue metabolism. If res
pired air be actually bad in its physiological effect, then it 
must certainly affect injuriously tissue metabolism, and 
this injuriously varied metabolism should present some of 
its waste products in this excretion. \Ve feel that it is 
possible to find our desired standard and method of esti
mating unfavorable physiological effects, in this product. 

Apparently we are a long way from our goal at pres
ent; but during the course of this work a considerable 
amount of information has accumulated that bears directly 
on the problem we are now discussing. 

General method.-For this work we used stalls with 
cement flooring on concrete, with sewer connections, hard 
brick walls, and board ceiling covered by heavy muslin, the 
walls and ceilings being painted. The closed stall is nine 
feet by ten feet eight inches on the floor and eight feet two 
inches high, and contains 784 cubic feet of air. The win
dow casings were made as tight as possible. 

The stalls used for this work are located in the south
west part of the contagious ward in the Veterinary Build
ing. (See Figs. 12 and 13.) The Open 'Stall is in the ex
treme southwest corner, and has two outside walls. The 
Closed Stall has only one outside wall on the south side. 
Each stall has a door 3 feet 8 inches wide by 7 feet high on 
the north side, opening into a hallway. The Open Stall 
has two windows, one on the west side and the other on 
the south, each 22 inches wide by 44 inches high. The 
Closed Stall has one window facing south 22 inches 
wide by 44 inches high. The 1Yindow ancl door 
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in the Closed Stall fit very tight and after the 
stall is in use for a short time, very little air can enter, 
unless admitted through the open door. The Open Stall 
was used with both windows open about 16 inches each, 
and with the door closed, except in Series "A." In order 
to feed and water an animal in the Closed Stall, without 
opening the door, we use a hole 14 by 18 inches in the 

·---- - - - ,t, .5" -I - · --- --- · --- 11:_ 6" ------.-· 
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Fig 12.-Floor Plan of Stalls used. 

door, about 3 feet from the floor. This hole is covered 
with a tightly fitting slide, that can be raised to admit the 
feed. Below the slide, securely attached to the inside of 
the door, is a feed box 12 by 20 inches, frorn which the 
animal eats his grain. At the side of the feed box the 
water pail is held in a strong iron hoop. A 2-inch hole 
through the door above the edge of the pail permits this to 
be filled with hose from the outside. vVhen not in use this 
hole is closed with a wooden cork. Three feet above the 
water pail is a wiridow 5 inches square, through which the 
animal in the stall may be seen without opening the door. 
In the work already done the hay was weighed at feeding 
time and the grain-feed measured; then the slide door was 
raised and the feed put into the stall. The total time the 
slide was open did not exceed two minutes per day. Feed
ing and watering were regularly clone between 7 and 7 :30 
a. m., and between 5 and 5 :30 p. m. 

Three animals were used in this feature of our work 
and the results were studied at the encl of periods varying 
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from six hours to twenty-one days. The percentages of 
C02 varied all the way up to 2.67, and the relative humidity 
up to 99 or practical saturation. Moisture gathered very 
freely on ceilings and walls and would even run down here 
and there in tiny streams. It is scarcely possible to imag

.ine a stable where more unsanitary conditions, according 
to accepted standards, are mainta,ined than in this stall. In 

.t./?SS .F'' XS-" 

<; ;!" 1/Y Ill/I •. 

Fig. 13.-Door of Closed Stall (Stall 2). 

some experiments we used one animal to vitiate the 
atmosphere, and then by making very quick changes in
troduced an animal from free air suddenly into the Closed 
Stall. In some cases we studied our subjects at varying 
periods of continued confinement. V\T e compared the data 
thus obtained with similar data for the same animal under 
free air conditions. The animals used for this work were 
owned by the Dairy Division of the Experiment Station. 
Yellow Jim was a grade Jersey steer 12 months old when 
our experiments began, in April, 1904. Red Jim was a 
grade Short Horn bull 8 months old when our work began. 
Six months after the work began a third animal, Brindle 
Jim, was used. This was a grade Guernsey, 18 months 
old. No blood counts or stall readings \\·ere made from 
him. he being: used to Yitiate the air of the Closed Stall 
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before placing in it either Red or Yellow Jim. The health 
of each animal was good throughout the entire time of 
the experiment. Red Jim had two slight attacks of 
diarrhoea and once Yell ow Jim was off his feed, but fortun
ately these ailments always occurred when the animals 
were in the Open Stall, and temporarily out of the experi
mental work. So far as we were able to determine, none 
of these ailments resulted from the confinement in the 
Closed Stall. 

When the animals were off experiment work they had 
the run of a small paddock with fresh water and grass in 
addition to their usual grain feed. During the summer of 
1905 Red Jim and Yell ow Jim were clehorned. After the 
operation they did well; healing progressed rapidly with
out intederence to any part of the experiment work. Sev
eral days after dehorning Reel Jim ·was placed in the 
Closed Stall where the air was very foul, and healing pro
gressed just as rapidly as on Yell ow Jim, in the Open Stall. 

Both animals received the same kind of grain feed, 
usually bran and ground corn, and sometimes barley and 
oil meal in addition. During the early part of the work 
each received about two pounds of grain feed twice daily. 
Later, as the animals increased in weight the quantity of 
grain was increased. The hay was usually timothy of good 
quality. At the beginning of the work, Yellow Jim receiv
ed 5 pounds tvvice daily, and Reel Jim 4 pounds. Later this 
quantity was also increased. 

The animals in the Closed Stall had access to clean 
water at all times. The animal in the Open Stall was 
watered twice daily. Clean oat straw ·was used for bed
ding. The manure from the Open Stall was removed 
twice daily and clean straw put in its place. Fourteen to 
eighteen inches of straw was put on the floor in Closed 
Stall and an animal placed upon it to foul the air. On one 
occasion the Closed Stall was continuously occupied by 
the same animal for a period of three weeks without sup
plying clean bedding. 
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Stall conditions.-After the work had been in pro
gress for a short time the windows, walls and ceiling of 
Closed Stall became covered with water, which at times 
ran down the walls and dripped from the ceiling. The 
quantity varied with the condition of the weather. After 
the stall had been closed several davs at the beo-innino-

- ::, b 

of series "B," mould began to appear on the walls, and 
gradually increased until almost the entire wall surface 
was covered. After the Closed Stall was in use several 
weeks, it was noticed that the paint was softened in several 
places on the wall and running down with the water. This 
continued until almost the entire wall surface was bare of 
paint .. 

After entering the Closed Stall at the close of a period 

to make a reading·, or remove an animal, one was forcibly 
impressed by a stifling air, its excessive moisture, ancl the 
apparently high temperature. The first few minutes one 
invariably had a slight difficulty in breathing, this soon 
passed away, and he began to sweat, and feel uncomfort
ably warm. This condition clicl not last long, perhaps five 
minutes, after which no unpleasant effects were noticed. 
After leaving the stall the outside air seemed cold, and so 
light that one involuntarily took several very deep inspira
tions. The odor of manure did not become sufficiently 
strong to be offensive, even at the close of a 10 clay period. 

No estimate was made of the quantity of ammonia 
present in the air. In Closed Stall, Series "B," the odor 
of ammonia was hardly noticable; in Series "C" it was 
considerably stronger; in Closed Stall, Series "D" it was 
not strong enough to be offensive. 

Work done.-Our studies at first included the reel 
blood cells, leucocytes and haemoglobin. Then we took up 
promptness of coagulation and specific gra\·ity of the blood. 
Still later we took up the urine, making analyses and com
parisons under similar conditions as for the blood. Re
cent]...- ·we han' umkrtakcn tn secure our desired data ;111d 



104 STABLE VENTILATIO;.,.T. 

basis for estimate, by intravenous urine injections for 
rabbits, studying- the effect of this close confinement on 
the toxicity of urine, and have had so~11e surprising results. 
If this does not give us. the information desired, we will 
next take up the reducing power of the urine comparing 
for the two conditions; and then if necessary the bacteri
cidal power of the serum, and the phagocytic power of the 
leucocytes. 

vVhen this work was begun, a number of blood counts 
were made from each animal confined, in an Open Stall 
with varying amounts of ventilation, but never with the 
outdoor air entirely cut off. This gave a large number of 
counts under varying conditions of ventilation. All· counts 
made under the above conditions were placed together, 
the counts from each animal forming a separate table. 
These tables were called, Series "A."~' Reference to the 
tables will show that the early part of the work did not 
include as many items as the latter part. As the work 
progressed new questions were constantly presenting 
themselves. Some of these were taken up at once; others 
were reserved for future investigation. Hence, the greater 
completeness of the last part of the table. 

After the preliminary work was completed-as out
lined above, the Closed Stall was put into use. Yellow 
Jim was placed in the Closed Stall with an abundance of 
straw bedding. His blood counts and a record of staH 
conditions were taken at varying intervals of several days 
each. This was continued for about ten clays, or until the 
straw on the floor was well saturated with urine and feces. 
Then Yellow Jim was removed for a time, long enough to 
remove the manure from the stall and put in its place some 
clean straw. This work took about one hour. Then 
Yell ow Jim was again placed in the stall and blood counts 
and records of stall conditions taken as before. This was 
continued until several counts had been made from the 
Closed Stall. These results ·were collccterl into a tal1le 
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and called Series "B"~'. During the time Yellow Jim 
was in the Closed Stall, blood counts and stall readings 
were made from Red Jim in the Open Stall. These were 
collected into a table, also to form a part of Series "B." 
Thus we have in Series "B" two tables, one for Yellow Jim 
in the Closed Stall and the other for Reel Jim in the Opeh 
Stall. 

In Series "C""'' we have blood counts and stall readings 
from Reel Jim in the Cosed Stall and Yellow Jim in the 
Open Stall. The general management of the ·work to 
form these tables was the same as in Series "B." 

Series "D"* contains four tables. Each animal was 
used in both Open and Closed Stall. First a blood count 
and stall reading was made in the Open Stall, then the 
animal was placed in the Closed Stall which had been 
previously befouled by another animal, Brindle Jim, kept 
for this purpose alone. In Series "B" and "C" each animal 
was kept in the Closed Stall for a number of clays, and 
perhaps developed an immunity to the conditions of poor 
ventilation or became acustomecl to the surrounding 
atmospheric conditions to such a degree that little change 
was noticable in his blood count. To determine if this 
was actually the case, Closed Stall was fouled by Brindle 
Jim and then after making a blood count from Reel or 
Yell ow Jim, kept in open air for a time varying from two 
to fourteen clays, we placed him in the Closed Stall already 
fouled, for periods varying from six to forty hours. At the 
end of each period a blood count and stall reading were 
again made for comparison with the Open Stall readings. 
This gave us material for two tables for each animal, one 
from the Open Stall and the other from the Closed Stall. 

The blood for this work was taken from a 
subcutaneous ear vem. vVe tried repeatedly to 
use jugular blood, but found this procedure un
satisfactory with cattle for several reasons. and §';ave 
it up. \\Tc \\·ill not g·o into dct;:i.ils of the tcclrniquc cm-
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ployed, lrnt merely report in a general \Vay that the blood 
counting was clone with the ordinary Thoma-Zeiss count
ing apparatus. vVe tried the hematocrit, but did not find 
it satisfactory. Hemoglobin was estimated with Fleis
chel's hemoglobinometer. The Talquist scale was tried 
but was unsatisfactory. The period of clotting was es
timated in the following way: a drop of fresh blood was 
received on a clean microscope slide and a needle placed 
in a handle for convenience ·was clipped in this drop of blood 
and raised at frequent intenals. 'When the needle took 
up a delicate thread of fibrin this was then counted the 
period required for coagulation. 

The urine work for phosphates, sulphates, chlorides 
and albumen was clone by the centrifuge method, urea was 
estimated by the sodium hypobromite method with the 
Doremus ureometer. Sugar was estimated by the simple 
yeast fermentation test in graduated fermentation tube, 
and also by Fehling's test as moclified by Purdy. 

Immediately after placing an animal in the Closed 
Stall, and again just before removing him, a sample of air 
was taken for analysis. To do this, water was siphoned 
from a bottle connected with the stall by means of a small 
rubber tube. As the water flowed out of the bottle, air 
from the stall was drawn in through the rubber tube, 
connecting it with the stall. The carbonic acid was deter
mined by Hesse's method, slightly modified to adapt it 
to our apparatus. It consists in absorbing all the carbonic 
acid in the bottle ·with a solution of barium oxide of such 
strength that 1 c. c. of the solution will absorb 1 c. c. of the 
carbonic acid. By knowing the volume of the bottle and 
the quantity of barium solution necessary to absorb all 
the carbonic acid, a mathematical calculation will deter
mine the volume per cent. of carbonic acid in the sample 
of air. 

When counting the red corpuscles, a small drop of 
dilntecl blood was placed in the chamber of a Thoma-
7cis~ appara tns. and the corpuscles in a gTnnp of thirt~'-o;ix 
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small squares were counted. After cleaning the chamber 
the corpuscles in a group of thirty-six small squares from a 
second drop were counted. A third drop was similarly 
counted. The final calculation of the number of corpuscles 
per cubic millimeter of blood was based on the total num
ber of corpuscles counted in the 108 small squares. 

When counting white corpuscles four drops of diluted 
blood were used, counting the corpuscles in five columns 
from each drop; the number of white corpuscles in twenty 
columns of diluted blood were taken as a basis for the 
final calculation of the number of white corpuscles in a 
cubic millimeter of blood. 

The specific gravity of a drop of blood was measured 
by Hammerschlag's method. A mixture of chloroform 
and benzole was taken to the animal's stall in a urinometer 
glass. A drop of fresh blood was allowed to fall from the 
puncture on the ear into the mixture, where it floated as a 
red bead. The specific gravity of the mixture was then so 
adjusted by the addition of either benzole or chloroform 
that the blood remained stationary in the fluid midway 
between the top and bottom. Then the specific gravity of 
the mixture, as determined by a Squibb's urinometer, was 
considered the specific gravity of the blood. The urino
meter glass was perfectly dry before pouring in the mix
ture to avoid the presence of small globules of water. A 
large drop \Vas found more satisfactory than one or several 
small ones. Care was also taken to avoid breaking up the 
drop, should it adhere to the wall of the vessel. The drop 
of blood should fall directly into the chloroform mixture; 
it should not touch the sides of the urinometer glass or 
run down into the fluid. 

Results.-It will be seen by reference to Table of 
Analyses, to be published in the second bulletin of this 
series, that the only records materially varied in a long 
series cif averages. as bet\ncn Open Stztll and Closed Stall, 
were the pulse, 1vhich was ycry slightly incrcztsed; res-
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pi ration, slightly increased; temperature, slightly in
creased for one animal and not with the other. The aver
age period required for blood clotting was quite materially 
increased. There was a moderate average decrease of red 
blood cells for both animals, also a slight decrease of white 
blood cells in each case, but it is probable that no special 
significance attaches to either of these. The ratio of red 
to white was increased in one case, decreased in the other. 

The adaptability of the animal organism is very great. 
Claude Bernard showed that animals confined in small 
space acquired very marked tolerance of C02 , and volatile 
bodies that accumulate under such conditions, living for 
hours under conditions in which suddenly introduced ani
mals die very promptly. 

\Ve were unable to closely repeat Bernard's experi
ment in full, substituting these larger animals, but would 
reasonably expect similar results. In one case we had an 
animal show a peculiar intoxication when he had been 
several days in an unusually foul air (foul when he en
tered). This condition soon passed off after he was taken 
ant. 

In our experimental work with the animals it became 
very evident that when the air was gradually contaminated 
they acquired a very high degree of tolerance. For in
stance, the steer, Yellow Jim, after confinement in Closed 
Stall for thirty-seven clays seemed in perfect comfort. He 
wonlcl eat, drink and lie clown, get up and stretch lazily; the 
respiration and pulse were but slightly disturbed, and he 
continued to-.make true gains at the rate of one pound per 
day for this period of 37 clays. During this time the steer 
was taken out once each week to weigh and to clean stall, 
and was out ·each time about 60 minutes. Bearing in mind 
that this \Vas a Guernsey of very poor beef type, it would 
seem that this indicated a development of a very high de
gree of tolerance or practical immunity. At one time 
Rrindlc Jim 1vas confined in Closed Stall continuously for 
28 davs. the lcmg;est continuous period we llsed at :rnv 
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time. This steer was not out of the stall during this time 
and he had no ventilation except that given in feeding by 
the method already described, and a trifling amount that 
occurs around a snug window casing and around the close 
fitting door, and yet he seemed to feel well; he ate and 
drank, rested comfortably, and appeared to be in periect 
health. 

Brown Sequard and d'Arsonval injected guinea pigs 
with moisture accumulated in a closed room and concluded 
that it was toxic. Several experimenters, huwever, among 

.them Dastre, Laye, ancr" Lehman deny the existence of 
such toxicity. 

Our experimental animals were confined in the Closed. 
Stall previously described. The atmosphere \\'as satur
ated with moisture and we had varying percentages of 
C0 2 all the way up to 2.67, and with all of the mysterious 
organic materials that would be excreted from the lungs, 
according to all writers on animal and human hygiene, in 
periods varying from two to 28 clciys. None oi the bodily 
functions were materially disturbed so far as we haye been 
able to determine. The confined animals -seemed to Le in 
perfect comfort, breathing easily. They would rise and 
stretch lazily, as thrifty, well feel cattle do. \Ye \\·ere not 
able to detect any eYiclence of unthrift whatsoc\·cr or any 
injurious physiological effect. Indeed, one animal gained 
a pound a clay m1cler such conditions for 37 days, and a 
small, grade yearling Jersey at that. This was a real gain, 
too. He was in good condition and had been on full feed 
for some time before this period began. The ,,·cig·hings 
wei·e sufficient in number and made uncler conclitions that 
would exclude false gains. 

And as concerning the bad healing of \\·mmds in tm

v.entilated stables, granting that this is a frequent experi
ence, permit us to record the fact that we recenily de
horned two of our experimental steers. One was con
fined in the Closed Stall u11cler the \\orst imagi11;ilik co11-
ditions of stahling·-so far a~ chemical cn11ta111i11atin11 oi 
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the air was concerned; the other was in free air during the 
healing process. The steers are about the same age and 
apparently of about the same vigor of tissue nutrition and 
general health. There was practically no difference in the 
rapidity of healing. 



STABLE VENTILATIO~. 111 

r i SUGGESTIONS. 
The Standa.rd dictionary defines health as: "That 

state in which all the natural functions are performed 
freely without pain or disease." 

Gould's Medical Dictionary gives it as: "That· condi
tion of the body and its organs necessary to a proper per
formance of their normal functions." 

Dr. Jam es Law expresses the follO\ving opinion for 
this bulletin: 

1st. Health presupposes the concurrent, harmonious 
exercise of all the bodily functions. 

2nd. Less generally, health presupposes the absence 
of all structural change or variation * * * * 

3rd. Health presupposes the absence from the sys
tem of all pathogenic microbes. * * * * 

4th. Health presupposes the absence from the sys
tem of all pathogenic parasites. * * * * 

5th. Health presupposes the absence of all exotic 
poisons, which can, when in excess, disturb the exercise 
of healthy function. 

Dr. P. A. Fish says for this bulletin: "I would regard 
an animal as being in 'Normal Health \.vhen all of the 
ascertainable physiologic phenomena of the body remain 
within certain standarclizecl limits: i.e., number of pulse 
beats and respirations per minute: temperature; number 
of red and white bood cells per cu. m. m.; percentage of 
hemoglobin; quality and quantity of constituents of urine; 
appearance of visible mucous membranes; data obtainable 
from percussion and auscultation; etc. 

"Health is Nature's endeavor to maintain the proper 
equilibrium of the body tissues and functions. Sickness 
may be reg·ardccl as an intcrfcrcncc ,,·ith '\'atllrc's effort 

to maintain cq11ilihriu11i."' 
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Dr. E. V. 'Nilcox says for this bulletin: 

"An animal in normal health should show: 
(1) Average normal temperature for •the species 

with only such variations as occur from various causes 
usually within the range of 1° F . 

. (2) A normal strength of heart beat (neither too 
soft nor too hard). 

(3) A normal rate of respiration as judged by the 
amount of exercise and other conditions surrounding the 
animal. 

( 4) Absence of unusual respiratory sounds. 

( 5) Good appetite. 

(6) A normal appearance of the coat. 

(7) Bright facial expression (an important indica
tion of absence of pain and of a general comfortable con
dition). 

(8) Normal excretory products. 

(9) The maintenance of body weight ·without un
explained loss." 

It has been shown that in the old stables of the Alfort 
Veterinary School, which were badly crowded and poorly 
ventilated, cases of pneumonia and severe wounds rapidly 
assumed a serious character and often terminated fatally. 
After the buildings were enlarged and the sanitary con
ditions improved, the losses reduced materiaily. It is also 
recognized that if almost any epizootic occurs among 
horses, e. g .. pneumonia, glanclers-farcy or influenza, it 
is very much more fatal in badly ventilated stables than in 
stables where other conditions prevail. An oft quoted ex
ample is one concerning the French ca\·alry, wherein it 
appears as a matter of record that an actual mortality of 
19 per cent. was reduced to less than 7 per cent. within a 
few years by merely increasing air space. Boston suffered 
an historical outbreak of influenza among- horses in the 
late 50's. and \\ c arc told that in these stables grouped as 
"~·nn<l." "f;1ir.'' and "l>acl.'' ;1ccording- lo heat. Jig-ht. dryness 
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aHd ventilation, that they gave a respective mortality in 
proportion of 1, 3 and 5. 

'Ne can easily accept a revised explanation of ventila
tion and regard these statements as very probable. Vv e 
need only to revise the explanation. 

May it not be that when wounds heal badly in un
ventilated stables, it is so because of other factors than 
chemical contamination of the air? 

It is perhaps not too early to express a preliminary 
suggestion based on present availaqle information, includ
ing research material to be published later, and with the 
quoted definitions of health in mind: That Parke's dictum, 
"Health and Disease are in direct proportion with the foul 
and pure air," is probably as true as such a generalized 
statement may be. b11t possibly based on a very erroneous 
theory. 

That when animals confined in unventilated stables 
are injuriously affected, it is so because of lack of exercise, 
lack of sunshine; concentration of pathogenic micro
organisms and perhaps other factors not nmv 11nderstood. 

That the amount of CO:! present under any probable 
conditions of stabling, or any probable lack of oxygen 1s 
not serio11sly important. 

That the amount of ammonia which acc11111ulatcs un
der any ordinary conditions may be disagreeable, but not 
seriously harmful except that it may possibly be slightly 
irritating to the ocular and nasal rnuco11s membranes: 

That the amount of CO:! present in an atmosphere is 
a very unreliable guide as to the hygienic condition of the 
stable or even of the air alone. 

That the elusive so-called organic matter if harmful 
at all is so because it f11rnishes favorable conditions and 
perhaps food materials for pathogenic bacteria. 

\Ve may have a reasonabe inference that a well lighted 
but 1111yc11tilatcd stable is much superior from a sanit;u-y 
~tandpnint tn a supposedly 1vcll 1cntihtcd hut pnnrly 
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lighted one, for the pathogenic micro-organisms do not 
thrive in the sunlight. 

Apparently we need not plan our ventilating shafts. 
or any portion of the stable ventilation system with a 
special view to taking care of the C02• 

It is barely possible that C02 , within ordinary stable 
limits, is useful in taking care of ammonia by combination 
with it, and forming ammonium carbonate, thus reducing -
the loss of manurial value and lessening the disagreeable 
prevalence of free ammonia gas. 
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SUMMARY. 

Introduction, purpose of the bulletin, and need for a great deal 
of work along this line. 

Available information on the subject of Stable Ventilation is 
limited and its value greatly lessened by wide variations in the state
ments of different writers. 

The real problem at issue in this present study is: How little 
air is compatible with normal health and comfort of the stock and 
with economic feeding in northern climates during mid-winter? The 
question of stable ventilation during the summer season requires very 
little consideration. 

Stable air, according to various authorities, shows a variation 
of CO 

9 
between .057 per cent. and 1.07 per cent .. It is difficult to es

timate -the value of these figures because of lack of important details. 
In our own work we had stable air containing as high as 2.67 per cent. 
C0

2
. Ordinarily in this work, when Closed Stall conditions were 

very bad, the per cent. would range between .52 and 1.09. 

The CO·> content of the air increased during varying periods up 
to a maximum: then did not increase further but very frequently de
creased without added ventilation. 

Respiration as related to ventilation-a physiology study, es
pecially of the condition under which gases are taken from the air, 
held in the blood and released to the tissues, or to the air. This is 
mainly a question of chemical combinations, assisted or hindered b:Y 
varying partial pressures and tensions. 

Injurious effects of foul stable air. A survey of the teachings 
on the subject gives a reasonable conclusion that the popular im
pression concerning the general harmfulness of foul stable air may 
be, in a general way, correct; but the explanations may be very gravely 

doubted. 

A study of available evidence on this point shows that animals 
may utilize to good advantage and frequently without harmful effects, 
atmospheres varying widely from the normal in either oxygen or 

CO 
2

, and perhaps in both. 

A report in the Year Book of the Department of Agriculture 
for 1904, contains a report of work on the human by Dr. Atwater on 
"The Respiration Calorimeter" which strongly supports this con
clusion, and also corroborates our results in original work in progress 
at the Minnesota Experiment Station for several years. 

Original Work. It seemed necessary first of all to define the 
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injurious effects of 
tablish, if possible. 
physiological effect. 

ordinary chemically foul stable air, and to es
some standard or method of measuring such 
We wish to establish also, if possible, a range 

of permissible impurity above which, contaminations become dis
tinctly harmful; also to establish a standard of normal health for 
purposes of comparison; and to determine the least amount of air com
patible with normal health, comfort and profit. 

Method of VVork. Certain specially prepared stalls were util
ized so that ventilation could be controlled and known within very 
close limits. Laboratory data with blood and urine, taken at certain 
intervals and results carefully tabulated for comparison. This feature 
is to be published in subsequent bulletin. 

Work with the blood included counting the red and white cells; 
estimating hemoglobin, period of coagulation, and specific gravity of 
the blood. In later vv:ork urine was taken up, making analyses and 
comparisons under similar conditions as for blood, and still later in
travenous urine injections for rabbits. This laboratory work, to
gether with tables and conclusions will appear in the next bulletin 
on this subject. 

The only records materially varying in a long series of aver
ages as between Open and Closed Stall conditions, as· stated for the. 
Closed Stall were-pulse slightly increased, respiration slightly in
creased, average period for blood clotting materially increased. 
Changes in the red and white blood cell counts were not uniform 
and the results are give!1 no special signirtcar:ce. 

Our results show that the adaptability of the animal organism 
is very great-corroborating statements of Claude Bernard and others. 

When animals were confined in a slowly contaminated atmo
sphere there was no appreciable effect, even though the atmosphere 
varied very widely from a normal air and contained large propor
tions of substances which have been supposed to be actively in
jurious. 

One steer was confined in the Closed Stall for 37 consecutive days 
and seemed to be in perfect comfort, showing every symptom of being 
at ease, and there were no variations from the normal that could be 
detected by laboratory and clinical methods used. 

Suggestions in the nature of preliminary conclusions: Normal 
health is defined: 

(1) Historical statements concern_ing the unwholesome
ness of badly crowded and unventilated stables are conceded to 
be in the main correct as to actual facts, but the accepted ex
planations may be seriously questioned. 

(2) That when animals confined in unventilated stables 
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are injuriously affected, it is so because of other conditions and 
causes than those usually accepted. 

(3) That the amount of CO~ present in any ordinary 
stable, or any probable lack of ogygen is not seriously important. 

(4) That the amount of C0
2 

present in the atmosphere 
is a very unreliable guide as to hygienic conditions. 

(5) That the mysterious and oft quoted "organic mat
ter,'' if harmful, may be so because it furnishes favorable con
ditions for disease producing bacteria. 

(6) That a well lighted stable with poor ventilation is 
superior from a sanitary standpoint to a well ventilated but 
poorly lighted one, since the injury, if any there be, apparently 
comes from disease producing bacteria and various other causes 
rather than from harmful gases. 

(8) That the ventilation plans for a stable need not be 
made with any special consideration for CO 

2
• 
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Fig. 1 ·1.-·Hecl .Tim. April. 1905. 

F'ig, 15.-·-H.ed Jim, Novernber, 1905. 
(In ventilation work from April, 1904, to September, 1905.) 
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Fig-. 17.-Yello\Y ,Tin1. Nove1nber, 1905. 
(In ventilation work from April. 1904, to September. 1905.) 
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( T:scod to J'oul air will1 Hed Jim and 

19.-Brindle Jim, November, 1905. 
(In ventilation work from early November, 1904, to September. 1905. 

exposed to Stall conditions in fouling the atmosphere for Fled Jim 
and Yellow Jim under conditions that are scarcely possible on any 
stock farm.' 
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