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VENTILATION REQUIREMENTS

By C. Y. Y,rcrou,* E. C. Rrr.ev +t (upuBansrr,AND D. I. Coccr¡.¡s t*
(No N-M EM B ER), Bosrow, M.lss,

Thie paper is the ro¡ult o[ reqearch ,oorr.o.ui by the AMsn¡otñ Socrery or Hetrrxc
rNo VBNrrurrNc ExçrNeens in cooperation with úhc School ol

Public Health, Harvâid Unívereíty

f N a previous paper r I-ehnrberg and his co-workers outlined a technic for
I studying veritilation requirements froni the statrdpoint of body odors. Their
^ work wa5 purely fundarnental, deating largely with the developnrerrt and
evaluatíon of a suitable scale for judgirtg intènsity of body odors, an<l appti-
catlon of this scale to a laboratory experirirent for studying the factórs affecting
odor intensity in a confined space, r'

the work to b preliniinary
er(periinents. T¡ latiolt odors
tttider nóinral con , homes ahd
the like with the lor varióus
groups of individuals, including gtade school children and adults, unclet repre-
sentative wintèr and sunlnrer conditions. Thrèe mçthods of odor control were
studied dealing with personal sanitàtion, vcntilation; ànd aiiirvashing.

Ptiftc¡r,LEs oþ OLFACTTON 
,!_ri, ii

the organs of smell are situated at the nasal cavities. one
in each cavity. The essential p4rt of the o tnucôus nrenrbrané,
the so.c¡lled ollattory epìtheliunr, which turbinal bone and

Â
H.

or.pìrui" .n¡jitlÍ ' +;' i.ì 4i l¡ 1:r

A. --Varil¡tion 8o* Êtroerimtrrts,
V. Ë. hrr.¡rcr¡örrs, Vol. 4ì,

+g¡1ù 4nnuel Mcttlng.of thc ôi$rreÀN Socr¡tl o¡ llutrrc ÀNb VlNrtllr¡itË
Ill.l Jåñrtàiy, lþ¡6,-by c. P. Y¡rtoù,

l¡¡
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ized that the olfactorY
us substances in the i
rey must enter into sol
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the olfactory hairs.

upwards toward the olfactory areas.

Man's sense of smell is normally aroused by inconceivably small-concentra-

tions of odoriferous substances. The sensitiviiy varies in different indivìduals'

In a very recent review on odors and odor control, Pierce 3 reports that

grams per cubic centinreter of air.

RecoverY ries to

some extent us alr'

In our exper l0 nin
restores full PoorlY

ventilated rooms.

For best results the nose must be neither too dry nor too moist. Persons

with colds are unable to snrell odors. It is possible by nrixing odoriferous sub-

I Starlinc's l,rinciples of Hu4a4 Physþlogy, þa .an{ Febiger, Philadelphia, 1930. 
.

'öä;;'.a;d óäãï'Controrl .iv'.-är",í-Pi;;óé, A thcsis subñitied to thi l)cpartment of Indus'
t.¡"tîïgi.nïU""-J""tã-S;Ï;í';i Þ;blið H;"itlË ìor the Degrec of Master of Scicnce, Januarv,
r935.
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stances in certain proportions to annul or mask their effect on the olfactory

;;;;. Like*ise, in ti,e pr.sence of a strong odor, one cannot, as a rule' detect

4 weak odor simultaneously present in the air'

The unit of odor intensity is the olfactory threslrold which itself is the

smallest anrount of an odoráus substance required to stimulate the olfactory

nerves. Different odors have different threshoid values, and the threshold value

oi 
"n 

odo. expressed in grams per cubic centinreter is called an olfacty.

The intensity of odor perceived by the sense of snrell does not vary in pro-

portion to the concentratìon but approximately in proportion to-the logarithm

äf th" 
"on."ntration. 

The variatioi is according to the law of physiological

stimuti in general as expressed by the weber-Fechner law,a namely, Sensa-

tion : K log. of stimulus-intensity.

Sounc¡s oF ODoRs ¡N Occurrao Roorvrs

Odors in living rooms conre urostly from the occupants thenrselves. Odors

from furnitur", ãt.., are not, as a rule, conspicuous in the presence of body

odors, although they nray be accentuated in a warnr or moist atmosphere. The

gL6
d,rddl

ot6nffitt
l.tN
(ttü

Frc' l. SscrroN Tnnoucrr Rrcnr
N,rse¡. ClvIrv Snow¡¡¡c Or'rlcronv
Rrcror ,u'¡p Dlnscrror¡ or Arn Cun-

. nr,Nrs DunrNc INsP¡nlrroN.

sources of bocly o<lors are nunìerous; foul breath, decaying- teeth, sweat and

sebacious .".r"iion., especially when personal hygiene is deñcient, gases frotr.t

the digestive tract, anå deconrposition of rllatter froru the skin and clothes

are all contri uPon the

of the occup z, H, N,
detected 5 in the rectu

tainted with and indol,
present in the lower bowel.

Even lrealthy ancl clean persons freshly after a bath gave off in our experi-

nrents an appreciable amoint of odor, which is apparently a- norntal waste

product oriring from nretabolic processes and decomposition of matter in the

skin and clothing.

Such oclors are not, as a rule, known to be harmful, but they certainly induce

a feeling of stuffinesé ancl ¿iscomfort to anyone cor'ing in from outside. The

o."up"ni, themselves may not be conscious of the odor but they seen.r to be

--i-* 
,n. determination of Odore and Tastes in Water, G. M. l¡air, lo*rnol Ncu E¡g. Wotcr

I{orþs Assn.. Vol. 47 (Sept.. 1933)." ";ïr,li"Ëîirttîï iír"'iti,i"it.'iáíüo.k.., E. L. Collis and Major Greenrvood, I' trlakiston's Son

& Co., Philadelphia, 1921.
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capable of detecting stuffiness or lack of freshness in the air. Sensitive persons
are occasionally affected in a pathological way by sitting in such roonìs. The
untoward effects of body odors on appetite for food and perforrnance of plrysi-
cal work were studied extensively by winslow and Palmer in the laboratories
of the New York State Commission on Ventilatiorr.o

Despite the opposing schools of thought concerning the health aspects of bocly
odors, the general agreement is that they should be controlled preferably by
personal habits of cleanliness, or by ventilation and air conditioning, as it is
difficult to control the sou'rce of odor itself. According to the latest views the
air of v ion on entering, taking
into c teruperature, humidity,
drafts n resent paper is largely
concer s nse impressions, which
were taken as a criterion of ventilation requirements.

Egurrrvrrwr

The experiments were carried out in two adjoining rooms, on the northwest
side of the building, The rooms were approximately identical, having a floor
area of 155 sq ft, a ceiling height of 9 ft 2% in., a window area of 20 sq ft
and a net air space of 1410 cu ft approximately. The windows rvere weatlier-
stripped and all cracks carefully sealed with adhesive tape.

One of the rooms, hereafter referred to as the experi'rental room, was
occupied by the subjects who constituted the source of odor production. The
other room served as a control room for the judges who estiurated the oclor
intensity in the experimental room.

were the outdoor air supply and the nur¡ber ancl type of occupants.

Accurate measurements of the total air supplied to trre rooms, the amount
recirculated, and that taken from out of doorì, were made ly -å"n, of thin-

'Ventilation.1923.
Report N. Y. Statê Commission on Ventilation. E. !. Dutton & Co., Ncw york,
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don,1935.
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olate orifices designed in accordance with the A' S' M' E' standards t and
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As a rule each test consuured a whc¡le norning (9-12:30) or a whole after-

noon (1:30-5:00). ñ;;;; instances the driraìion was shorter or longer'

T¡sLs 1' Spr¡sonv lxtexsrrv Sc¡'Ls or Boov Ooon

VrNr¡r-etroN

studied in a lim
Some of the chi
nurse of a nearb

All subjects v
attempt was nla(
the use of cosn
masking effect u

of apParentlY tl
baths, but these
as would be the

During the e:

and they read,
indoor tYPe acct

The age, heig
clate of last bat

, optional in the
and after each

test the adult'
quality and odr

ning of the tes

In this wa¡
secondarY imP
and with rePr
those of the ju'
to the conditio:

The data Prt
contlitions of
tions lvith hig
lorver boundal
nrany otlrer qt
data under cor

Throughout
of tlre splencli
clealing with
of cltildren a
carbon dioxid
ir.r ttre future

The mass
Table 7, and
by referring I

Intensity of I
(a) Obser'

In Fig' 2 a

healthy seder
of winter co

the occuPied

Oooe
INfENstlY

INDEX

CHARAcTER¡srIc
Tsnu

None
Threshold

Defrnite

Moderate

Strong
Very strong
Overpowertng

OUAL¡FIcArIoN

0
%

1

J

J
4
5

r,
detectable by trained iudges; usually
untrained Persons'
Ït ;ii';;¡;"]-Ptt*nt but not objec-

nor disagreeable' Little or no objection'
t in rooms'
Àir regarded with disfavor'.
eable.

Nauseating.

Tlre equilibriunl titrre with respect-to oclor intensity varied from one to three

h;;t;'il;Jy t"itt, tt'e o'nouirt of outdoor air introduced'

Before and after eaclt test tlte roonrs were thoroughly ventilated'in order to

s"iìiã'àr-r;.iltu"t o¿orr,'""i-tii" "i, 
conclitioning apparatus was kept clean at

all tirnes.

Inor<lertosecureunifornrityinresultsln'clattlresatrtetitrlecoverafaìr
cross_sectiorr of .o"io-..änã,J"-i,otor, the subjects were divided in 5 groups as

follows:
ge socio-economic status (betwe-en

college and nedical students' office

r77).
nd 14 years old of average or balanced

(c) I-aborers, such as janitors and (total 8)'

(d) School children of the poorest

(e) School children of the better c

Most of the subjects belonged to b' They were apparently

healthy and had no,t"t-ptttãnal ha ns fronr the normal were



ND VENTIL,{TING ENCINEERS

)rding to the scale in Table 1'

,i" i% Point on the scale, as

niliar with the scale.

V¡Nrll¡rrroN ReçurnrrrreNrs, c. p. yecrou, E. c. Rrl¡v ¡r.¡o D. I. coccws 139

classifred under grouPs c' d' and ¿'

" *"it 
ttt"tted by the principal and

sts r¡r'ith their teacher'

.llngs.

Duringtheexperimentsthesubjectswereseaterlcon-rfortablyinarmchairs,
and they read, wrote 

"ät 
pi"y"J-åti¿t The clothing was of the customary

indoor type according to the season'

to the conditions of the tests'

Rnsur-ts

n in a final PaPer'

in the future as time, Pernrits'

The nrass of data in the present paper is condensed to essential facts in

Table 7, and the JdÏ ;h"'iJìrrt"rå"tã¿ in facts alone 
'ray 

save much time

by referring to this tabulation'

Intensity of Body Odor ín' Rclation lo Outdoor Air Snpply

ß (9-12: 30) or a whole after-

hiruìion was shorter or longer'

le or BooY Ooon

)UALTFIcATIoN

ectable bY trained judges; usuallY
rained Dersons.';ii';;¡Ã;l- pèrsons but not objec'

isagreeable' Little or no objection'
()ms.
garded with disfavor'.

tensity varied fronr one to three

r introduced.

thoroughly ventilated in orcler to

ning apPaiatus was kePt clean at

rd at the sanle tillle cover a fair
jects were dividecl in 5 grouPs as

e socio-econonlic status (between

:ollege ancl nredical students, office

).
4 years old of average or balanced

¡orkers (total 8).
otal 7).
'Àl28).

ø and b. TheY were aPParentlY

[ariations fronr the normal were



\l
I
l

140 Tn.t¡ls¡crroNs A¡¡enrce¡¡ Socrnry or HrlrrNc rrn Vnr.¡trr¡rrNc E¡¡crweens

average odor intensity recorded by the judges in each test under equilibrium
conditions. Abscissae give the corresponding quantity of outdoor air supplied
per person per minute. In most instances the total air supply was 30 cfm per
person (black circles) part of which (X) was taken from outdoors and the
remaining part (30-X) was recirculated. The white circles represent tests in
which there was no recirculation.

The ñrst thing to notice in Fig. 2 is that when the odor intensity as perceived
by the sense of smell is plotted against the logarithm of the outdoor air supply

Jtwq

tru

Ftc.2. Ourooon Arn Supp¡,y l¡v RrrlrroN ro Onon l¡¡rer-
srry. Nsr Arn Splce p¿n Pnnsor, 200 Cu Fr

the relationship is linear. This is in accord with the Wel¡er-Fechner law of
physiological reactions in general, nanrely,
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Translated into words, the strength of body odor perceived by the sense of
snrell on entering an occupied room fronr relatively clean âir varies inversely
as the log. of the outdoor air supply. The same fundamental law applies to
the sense of hearing, and it may be of interest to call attention to the fact that
our standards for noise and sound have been determined by similar subjective
tests using the normal human ear for crite;ion.

It is seen in Fig. 2 that the body odor was very strong and disagreeable
when the outdoor air supply per person was under 3 cfm, the strength decreas-
ing arithmetically as the air supply increased logarithmically. The minimum
air supply reguired to dilute the odor to the allowable intensity of 2 under the

a
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given conditions (200 cu ft air space per person, no air conditioning) is about
16 "f. 

per person. With 30 cfm per person, the odor is still readily detectable

but not objectionable.

Recirculation does not seem to affect the odor strength appreciably, as shown

by the black and white circles in Fig. 2. In other words, from the standpoint
of body odor, a room can be ventilated just as well with an outdoor air supply
of 16 cfm per person as with a total supply of 30 cfm, about f of which is
recirculated. Recirculation is often desirable for adequate distribution and

temperature control, but one of the disadvantages is that it smells up the ducts,
fans, etc., and unless the system is flushed frequently with clean air, higher air
quantities will be needed to obtain satisfactory results.

Sex was not a factor in odor intensity and ventilation requirenents in all
instances in which female subjects used no perfumery of any sort, including
face powder, before conring to the tests. Results of two series of experiurents

Tt'r,tø 2. Ixrer¡sItv or Boov Ooon wrrx Mrx nNo Wounx Sun¡ecrs U¡lonn
CoLrprnesl¡ Co¡¡oruoNs

?
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PERSoN
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ODoR

INrrNsrrY

Women
Men...

2.05
.00

with men and wonren subjects, under comparable conditions are shotvn in
Table 2. Similar tests with grade school boys and girls showed no appreciable
difference in odor intensity that could be attributed to sex.

(b) Obríervations with children of average class.

Grade school children between 7 and' 14 years old have, apparently, an

equation of their own. In spite of snraller body surface and lower total metab-
olism, they give off more odor than the adults and the air requirement is
therefore considerably greater. The upper curve in Fig. 3 shows tlre results on
a group of children of average or balanced socio-economic status. The con-
ditions of the experiments u/ere more or less comparable to those in schoolroonrs
with respect to air space, method of ventilation, activity, etc. The lower curve
is reproduced from Fig. 2 for comparison with the results of adults under
similar conditions. Whereas in the case of adults an outdoor air supply of
16 cfm per person \À/as sumcient to take care of objectionable body odors, in
children the air supply had to be increased to 2l cfm per child.

(c) Observations with adolescent children.

Adolescent boys and girls between the ages of 16 and 20 years yielded results
closer to those of adults than those of grade school children. In 4 experiments,
with a total of 28 adolescent boys and girls, using an air flow óf about 10.5 cfm
per person, the odor intensity aveiaged 2.5 -+ 0.13, as compared with 2.4 for
the adult subjects (See Fig. 2) and 2.7 for the grade school children (See
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Fig. 3) under identical conditions. It may therefore be assurned that the
requirerlents of adolescent children and adults are practically the san're.

Air Space, Odor Intensity and Venlilalíon, Requ.irønents

(a) Observations with sedentary adult subjects.

The nun-rber of persons occupying a room appears to be a very inrportant
factor affecting odor intensity and air requirernent as shown in Fig. 4. The
3 curves represent results with 3,7,and14 subjects in the room, corresponding
to floor areas of ll, 22, and 52 sq ft per person and air spaces of 100, 200,
and 470 cu ft respectively. The nriddle curve is reproduced frorn Fíg. 2 rvith-
out the points.

With 470 cu ft of air space per person, which is more or less representative
of conditions in homes, uncrowded offices, and the like, the air requirement

&

*2 ÆNN

FIc. 3. Ournoon An Supply rr.r Rel¡rror.r ro Ooon IN-
rENsrry. Nrr A¡n Sr'¡ce prn Crrrro, 200 Cu Fr

frohr the standpoint of body odor was 7 cfm per person; with 200 cu ft air
space, it was about 16 cfm per person, and with l00 cu ft air space, it was
almost 25 cfr¡ or 3f times as great as with an air space of 470 cu ft.

With constant air supply the intensity of body odor varied inversely with
the log. of the air space. The relationship is shown in Fig. 5 front which it is
possible to compute the ventilation requirenrents for interrlediate densities of
occupancy. There is no way to tell, except by actual tests, whether the values
would hold with ceiling heights much greater than l0 ft, as for instance in
theaters. The diffusion characteristic nray be different there.

(b) Observations with children of average class.

Fig. 6 shows a similar picture with children as subjects. Comparison with
Fig. 5 will reveal again higher odor intensities ancl air requirenrents in children
than in adultS in all 3 series of experiments. The ventilation requirernents for
children corresponding to the allowable odor intensity of 2 are
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Exanrnle: Civen an air slace of 300 cu ft ler Person. follow vertical
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orssinc th?ouäh the allowal¡le o<lor intensitv of 2. The required out'' dör air Àup¡¡ly per person is 12 cfrn olitained by interpolation.

as conrpared with 7, 16, and 25 cfm respectively for adults. Values for inter-
nrediate air spaces may be colllputed fronr Fig. 7.

The Influence of Air Conditiouirtg Processcs on Odor Intensity and Ventilatiott
Rcquirements

The usual methods of washing, humidifying or cooling recirculated air were
found to remove a considerable amount of odor, thus making it possible to
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reduce the outdoor air supply' Three different arrangements were studied' as

follows:

(a) nrixture of outdoor and recirculated air passed through a conventional

spray-type dehumidiñer iàt-t""ii"g and dehumiåifying the iir of the experi-

nìenial room in warm weather'

(b)mixturepassedthroughacentrifugalhumidifrer'forhumidifyingthe
air in cold weather'

(c) mixture passed over a surface cooler through which cold water between

35 ancl 50 deg *^,.ir.uiJt.J. ,.t..*f.r us"d in tñese experinrents was capable
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of lowering the tenrperature of the air passing over it (210 cfnr) through a

¡naxinrutll of about 10 deg'

All 3 series of observations were car

the conditions uniform the spray water

ater tanks of the apparatus cleaned out

periodically.

tank below and overflowed to the sewer'

The outdoor air requirement was correspondingly reduced from 16 cfm per

person with simple ".r;ii;;i;;'i" 
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over the surface cooler, and to less than 4 cfm per person when tþe mixture
was passed through the spray dehunidifier. In the last instance the odor

intensity appears to be almost independent of the outdoor air supply. The

performance of the dehumidifrer nray be more appreciated by calling attentiot-r

Atf-''4p - Ca

Frc. 7. Crr.rnr ron Couputrxc Ve¡¡rrurtroN Rngu¡nBn¡¿trs
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Frc. 8. Ooon RelrrovrNc CAPACTTY or V,u¡ous A¡n Cor¡-
DrrroNrNc Pnocesses. Nnr A¡n Sp,rce pnn OccuraNr, 200

Cu Fr

to the fact that the odor intensity cannot be lowered much below 1.5 when the
total air circulation is linrited to 30 cfm per person, even with a cleaner
efficiency of 100 per cent (see Fig. 8). A possibility of olfactory delusion,
rather than true odor absorption, cannot be entirely discounted.

While the results obtained with the surface cooler and centrifugal humidiñer
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odor intensity was substantially identical with that of the higher rate. Un-
doubtedly thére is a critical punrping rate, but the data are not sufficient at

present to warrant a deñnite statement.

More important appearS to be the cleanliness of the spray rvater, and water-
storage c"pacity of ìire clehumidifier tank, In most of the experinrents uuder

consiãerati,on iold water was punrped to the sprays from a separate brine
water-cooler having a storage capacity of 310 gal. The capacity of the de-

humiclifier tank itself was l0 gal. Another pump returned warm water from
the dehunridifier tank to the brine water cooler. It is evident that the odor

spray water itself.

The inrportance of clean fresh water nray be appreciated by the results of
an experiment using old water frolrt a previous test, after standing in the brine
coolei ancl dehunliãifier tank for 8 days. The outdoor air supply was 12.7

average odor intensity rose to 2.10, insteacl of 1.55

s was the lrighest odor intensity ever recorded in any
the spray tlehunridifier. A few subjects in the roon.t

ty odor in the air even after renraining in the roorn

3f hortrs.

Socí.o-Econotnic Faclors in. Rclation to Odor In.tcnsíty, an'd VentíIot.io,L Rcquírc'
ntenls

The observations in Figs. 2 to 8 deal with groups of individuals of average

or balanced socio-economic status and habits of personal hygiene. In a special

baths and the best of care.

The results of these experinrents are presented in Table 3. It will be noted

that with equal ventilation rates, the laborers gave off considerably more odor

than the meãical students, and the ventilation requirements should therefore be

greater. The computed air flow necessary to reduce the odor intensity to the

V¡r¡rrr.erro¡t

allowable limit oJ
an excess of abot
appears to be but
suþjects (See Fi.
medical students,

The probable
nanner: If the tt

T¡.sLa 3. Socro-E<
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Averagefor
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Fig. 2). . .-. . -.

Grade
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Class.

Grade'
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Class'

School chi
of

School chi

Grade School ch
dren of Best

Averase
Schoðt
Fig. s)

ch¡td
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they would all nteet a¡
now the experintental
or 6, a line joining ea
would represent the
intersections of these
odor intensity of. 2 wo
the various conditions.
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ridiñer. A few subjects in the roonr

.ir even after remaining in the room
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åiJ å'.".t'."$ .ìï,t"1å
the whole group of sedentary adult
he nrajority of the subjects were

. The probable ventilation requirements were computed in the following
manner: If the three lines in Figs. 4 and6 are extenclàcl to zero odor intensity]

Tlnla 3. socro-EcoNol¡lc srerus, B^rxs, ooon h¡rewsrry, AND Vc¡rrl^rrow
RcqurnuunNrs

Exþerimenls tuilh Simþle Ventilation

TYPE oF SuBJEcls

Laborers. .

Laborers. .

Averagefor

Medical Students.
Medical Students,

Grade School
dren of
Class. . ,

Grade School Chil-
dren of
Class"... - .

Average for Med
Students.. . . .

Average Sedentary
Adult Subject (Seô
Fig. 2).

Cr'u

16.4 2.34

ToTAL
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A¡r Sprce
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L¡sr Blrs
AvERAGE
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o¡ Drys

1.3
1.2

7.2
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School chird
Fig. 3)

Grade School C
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School chird
Fig. s)..

8.0

3.0,
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200
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MENTS CFM

PER PERsoN

AVERAGE
ODoR

INIENs¡1y

24
22

23

l5
l6

7

7
7

200
2Ò0

200
200

200

7.3
t4.4

7.s
14.5

3.29
2.40

2.60
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15.5

t6

7

t4 20.9

22.0 2.83

1.87
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In a similar nranner the requirements of school children were found to vary

from l8 to 38 cfm p.. 
-"tt¡l¿, 

according to socio-economic status, and this

reflected objectively ,'rpott tit" látning habits of individuals as can be seen in the

last column of Table 3. To make sure about this point a gr-oup of children of

u.,rl.u*. class anrl u group-of neclical students wãre tested separately, witl'rin

"¡ã"ìï 
day after " 

¡áti än¿ conrplete change of underwear' and a week later'

with no baths or .¡,u'gå ãiìn¿"i*""r in b-etween. T¡e data are summarized

in Table 4.

To begin with, the ventilation requirement of the children was about 10 per

."n1-ir, Ë*."r, oî the medicat studËnts, but after about a week the clifference

T¡sLe 4. Barns, Opon Ir¡t¡NsITY ÀND Vewt¡l¡rroll Requtneuetts

Etþerimenls with Simple Ventilolion

ArR SPACE Pen PersoN 200 Cu FT

CoMPUTED
VENTfLATIONTYPE OF SUBJECTS

Ourpoon
ArR

SupprY
CFÀt PER

PERSoN

AvsRAcE
Ooon

INTENSTTY
REQUIREMENT

CFM PER
PERSoN

Grade School Chil.lren-õ.S-O"y. after B¡th and Complete Change
of clothing.

6.5 Days after Bath.

Medical Students- -i.Z 
O"v" after Bath and Change of Under-

wear. . .

7.0 Days after Bath

t4.2
14.3

2.26
2.90

18
29

14.5
16.ó

2.Ll
2.r8

16
20

increased to 50 per cent aPproximately, owing presurrrably to tlre greater liability

;i;hìlñ";, dóthing becãming soiled, and probably to other factors.

accordingly.

every two weeks or so.
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Arn Quer,*v ¡¡v Rrr-nr¡o* ro Arr Suppr.v .ero ooon I¡¡rn¡¡srrv

In-discussing subjective inrpressions of air r¡uality from the standpoint of air
supply, two different viewpoints must be taken inø consideration ia) that of
the visitor upon entering a rootn fro'r clean air and (ä) that of tlìe'occupant

a

Â

F¡c. 9, ErrRcr or Berrrs o¡¡ Venrrr¡,rrov RngurnerrreNrs.I{epurnruerrs ll¡seo o¡¡ .r¡¡ Arrorv^nr" ò*" I-H-rcNsrrv or z

after,having beconre adapted to the conditions of the roonl.' This suggests two
ventilation starrdards both of which are valuable, the choiðe clepencling upon the
nâture of the ventilatiou problem.

t
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ouality ahcl outcloor air suppry, _by 
substituting inrpressions of air quality for

åããi ínt""titv on the vertical scale'

u..

The quality of air in the control roonì was always good or excellent (except-

ing tests in which the ternperatur€ w:ls.too hieh or too low)' and there was

no tlepreciation o' qàrìtf itttåugttout tlte periãcl of the tests'..This is to be

expected ,uirt., u .onrrni;"å";il;ii;l"ppry of 5o 
"in't 

per persorl in all experi-

ntents.

It will be observed that with simple

With an air sPace of 470 cu ft' on

oractically indeplndent of air supply'
'*tr"n t¡ó periocl of occupancy does

supply of T cfnr Per Person.wa
rËi". fOl and judges (Fig' a)'
i"s".ool"d and dehumidified bY

Figs. 10 and 8.

Table 6 gives additional observations of air quality, those recorded by the
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attendant or teacher in the chilrlrerr's experinrents. These data are necessarily
limited because each test yielded a single observation only, that of the attendant
or teacher. In experinrents witlì 3 clrildren, oltservatiorrs of air quality had
to be onritted as the children were unattencled.

To check this apparent close corresporrclence between prinrary iutpressions of
oclor intensity and seconclary irrrpressions of air rluality we plotted the values

T^sLE 5. Arn Qu..rlrrv, Ourooon Arn Suerlv, ,txo Ooon lxrcxsny
Imþressi.ons oJ Subjects AJter Exþosure ol 3rl IIours to ComJorloble Cond.itions oJ

Te m þer o I ur e a nd If u mid,il.y

Our-
M slx

SUPPLv QuerrtvCr¡r pen
PBRSoN

DOOR
ArR AIR

Un-
der 3
3-5
s-7
7 -t0

t0-15
t5-17
29-31
38.7

t.7
2.8
2.9
3.3
3.7
3.9
4.0
4.0

7-9
13- 1ó
29-32

8.1
14.ó
30.3

70 Cu

100 Cu

Si Vcntilation Tests.

2.oo I u
l..s.s I q

1.11 | o

Air p3r

4
6
.5

2
3
1

JI
39
38

3.6
3.5
3.8
4.0

3.
3.

6.1
16.0
29.4

Sirnp

6r I

ló.0 I

2s.4 
I

t

I
J

4
5
7

2
2

Cu

2.1

6

Experiments

4-7 I u.r I

7-ro I 8.4 I

ro-ls I tz.s I

31.2 | sr.z 
I

rvith Spray DehuuriCiñcr. Air Sprce

t.lz L, I Ln I

i,ii l,i I , I'i I

per

t0
l2

3
2

¡ Impressions of judgcs upon entering room from rclatively clean air of thrcshold odor intensity.

of these trvo variables, appearing in Talllcs 5 arrd 6, against oue another, as
shown irr Fig. ll. It can be seen that thc factors of air supply, air space, as
well as those pertaining to individual diffcrences antl to air corxlitioniug proc-
esses, alurost disappear fronr the picture, iudicating that an underlying factor
in air quality, when both terrrperature and lrunridity are controlled, is the
odoriferous organic ntatter given off by the human body. This is in spite of
the fact that the subjects thenrselves could not snlell the odor. Air flow, air

I

Arr Querrtv
NUMBER oF SUBJECTS REcoRDtNc

Fair
(3)

Excellcnt
(s)

Poor
(2)

Bad
(r)

200 Cu Ft

3
5
I
I

3
I2S

JJ
l4
42
27
15
6

I
3
5

29
16
10
6

I
4
3

1

18
22
I

l2
7

2

Suppry
Cr¡¡ p¡n
PERSoN

Tests.

MEAN AIR ToTAL
NUMsER

OF
SuDJEcrs

Sirnple Ventí Air Space per

Good
(4)

M EAN
ODoR

I NTENsITY û

t(
3.7
5.7
8.7

13.9
1.5.8
29.7
38.7

3.75
3.21
3.08
2.91
2.20
2.02
l 54
t.2s
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space, air conditioning processes, and personal sanitation, are apparently sec-

ondary factors affecting the concentration of the odoriferous matter.

In the Study of the N. Y. State Comnrission on Ventilation, Winslow and

Palruer 10 arrived at a sonrewhat analogous conclusion fronr an entirely dif-
ferent angle. Quoting fronl their original report'-r'these experiments seem

to warrant the conclusion that there are substances in the air of an unventilated
occupied roour (even wherr tenrperature and humidity are controllecl) which in
son're *ay and without protlucing conscious tliscomfort or detectable physio-

TnsLa 6. Arn Qu,rr-rtv, Ourooon AIn Surrr-v, ¡xr Ooon l¡¡reusrrv
Imþressions oJ Atlendanl or Teocher in chililren's Exþerimenls ofter Erþosure oJ 3rf Hours

(Observotions wilh Simþle Venliløtion)

OurDooR
ArR MEAN

SUPPLY
AIn
CFM

MEAN AIR
OuÀLrrYSUPPLY

Cru prr
PERSoN

Under 6
10-15
t9-23
30

to Efiect Upon Apoetite of the
Winslow and G. T. Palmer, Proc.

¡r Indices of Air Change and
H. V. E. Tnrxsrcrroxs, Vol, 39,

psn Pnrsor

Air Space per Child Cu Ft

2.5
3.4
3.:8
4.0

(Poor to Fair)
(Fair to Good)
(Good)
(Good)

15.7
21.8
31.5

15.7
2t.8
31.5

2.80
2.34
1.90

3.0 (Fair)
3.5 (Fair to Good)
4.0 (Good)

logical synrptonls dimin¡sh the appetite for food. The observed beneficial effects

of fresh air may to some extent be connected with this phenotnenon."

CÀn¡oN D¡oxrne IN RELATIoiv To OUTboOR Arn SuppLy ÂND ODoR l¡.ltnr¡srtv

Since the tiure of Max vou Pettenkofer, about 75 years ago' the carbon
dioxide corrtent of air in occupiecl rooms has been widely used as a measure of
fresh air supply and a convenient yardstick for the degree of air vitiation by
products of organic deconrposition from the human body.' The value of this
index in ventilation work has often been questioned by nrany woikers, and

recently by Houghten rr who showed that changes in the nloisture content of
air in occupi.d iooms constitute a more reliabÈ and convenient index of air
supply than CO, itself. Houghten did not, however, measure the actrtal CO,
content of air in ltis experintents but he conrputed it from apProximate meta-
bolic relationships.

In the present study the actual CO, in the air was determined in rnost experi-
ments near the end of the tests, at different stations inside the experimental

Chemical Constituents of the Air in Occupied Rmms, C.-E. .4.
Soc. Biol. & Mcd., vol. 12, p, 141 (1914-15).

Air f)istribution, l¡. C. Hou¿hten and J. L. Blackshaw, A. S.
1933.

:

lt
rl

il
rl
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ME^N ODoR
INTENSTTY

4.8
13.0
2t.t
30.0

3.67
2.48
l.9l
1.ó5
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4
,,

Cu FtAir Space per Child
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room or in the exhaust leading to the corridor. The relationship between CO,
and outdoor air supply is given in Fig. 12. The curve was drawn fronr the

well known formula

Cfm per person: 100

CO,-3
where 3.5 is approximately the average value of CO, in parts per 10,000 as

found in the air èntering tlre apparatus before mixing with recirculated air.

Although the theoretical curve roughly averages the experimental points,
great discrepancies occur in the steep portion of the curve which happens to
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be the practical range uSed in ventilation work. For example, a CO, of about
9 parts per 10,000 may mean an actual ventilation rate between 15 and 30 cfnr
per person, or a maximum error of 100 per cent, depending largely upon the
amount of CO, given off by the particular group of occuPants in the room'
The curve is so steep for ventilation rates al¡ove l0 cfm, that even small indi-
vidual variations in CO, output correspond to large variations in thc air supply.
The usual errors in determining CO, add to the discrepancies.

For airflows under l0 cfm per person, the discrepancy is not so great, but
the computed air flow fronl the equatjon is almost always higher than the
actual airflow, owing presumably to abðorption of CO, by the walls, furniture,
clothing, etc., when the concentration is high.

As an index of body odor CO, appears to be still worse, as can be gathered
from the dispersion of the experinrental points in Fig. 13. The reasons are
quite obvious. Suppose, for instance, that a person takes no bath for a week
or tvtro, the odor intensity would be considerably increased (see Fig. 9) but
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the CO, output woul<I barely be affected. Children, for example, in spite of
their lorv CO,, excretion give off Inore odor than the aclults (Fig. 13) owing
largely to differences in bathing habits and cleanliness of clotlring, as has been

related. On the other ltancl, when recirculated air is passed through an air-
washer, the water retttoves a considerable portion of the odoriferous nratter
without affecting nruch tlte concentration of CO, (Fig. 13).

In the light of these and other sinlilar data by the New York State Com-
mission on Ventilation, and others,.it is eviclent that a great deal of unjustifred
effort would be savecl by discontinuìng the usuâl measurenìents of CO, in ordi-
nary ventilatiou work, except perhaps in instances in which the airflow is well

vtny olw.t

co, coNTêNT ç.4e-HfrS 2æ tQ

Frc. 13. Cirr¡o¡¡ Droxroe CoNrRm or A¡n ¡N Expenrun¡qrer
Rool¡ r¡¡ RnlnrroN ro Onon lNrsNsrrv. Fon LEcBNp Sss

Frc. 12

under 10 cfnr per persorì. Factors pertaining to air distribution can be stuclied

mucl'r easier by viriations of terrrpèrature and air uloveutent from station to
station tlran by variations 9f COr, as outlined in the A¡vrenlcÀN SocIErY oF

He¡rr¡{c AND VENrrLArrNc ENGTNEERS GuIDE (1935, p. 51).

THe A. S. H. V. E. ¡,r¡o Otrr¡n E¡nr,rpn St¡rvp¡nos

In Table 7 are sunrnrarized the ventilation requirements under various con-
ditions as determined in the present stucly. The inrpossibility of fixing any
single value that would apply under all conditions is evident. Each case would
have to be considered on its own merits. The A. S. H. V. E. provisional stand-
aid of 10 cfm per person seems to be a more or less fair average value for
àdult persons where the air space per occupant is between 250 and 500 cu ft per
occupânt. trt falls far too short in grade schools attended exclusively by chil-
dren of poor districts, assuming that the results are representative, and some-
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what too long when the air is cooled and dehumidified in a spray-type air con-
ditioner.

Likewise the results of the present study are not necessarily contradictory
to those of the old nrasters (De Chaurnont, Parkes, Billings, ancl others). The

TnpLs 7. Suun¡,nv or M¡¡qmuu Ourooon Arn RegurnaMENTs FoR VeNrtl¡rtrox
UNoen V¡ntous CoNorr¡or¡s

(Provisionol Values Subjecl lo Reaision uþon Comþlel.ion of Worh)

TYPE oÍ'OccuP^NTS
ArR SPACE
pen Persot.t

Cu Fr
PRIMARYB

IMPREssroNs
CFM PER PERsoN

RseulREMENTs
BasaD oN

IMPREssfoNs oF
occupr¡rsb

CFÀt PER PERSoN

23

l1

>5

15

REQUIREMENTS
BASED oN

Heating Season with or
Sedentary Adults of Average

Economic Status.
Sedentary Adults of Average

Economic Status.
Sedentary Adults of Average

Economic Status.
Sedentary AJults of Average

Economic Status.

without Recirculation. Air Not ConditioneC.
Socio-

Socio-

Socio-

så"iã-

100

200

300

500

25

t6

l2

7

Laborers 23

22

Grade School Children of Average Class
Grade School Children of Average Class
Grade School Children of Average Class
Grade School Children of Average Class

Grade School Children of Poor Class.

Grade School Children o[ Better Class

200

200

100Grade School Children of Best Class.

: Hcating Scason. Air Humidiñed
Total Air Circulation 30 Cfm per

Sedentary Adults. I

I

by Means of Centrifugel Humidifrer.
Person. I i2ooltrl

Summer Season. Air Cooled and Dehumidified by Means of a
Total Air Circulation 30 Cfm per Person. 

I

Seclentary Adutts. I 2oo I tn"

Dehumidilier

. Impressione upon ente¡ing ræm from relatively clean air at threshold odor intensity. Allowable odor
intensity - 2. (For scale, s€e Table t).

Þ Corresponding to an a¡r quality of fair to good.
o Values provisionally rætricted to the conditions o[ the tests'

differences in the requirements between then (50 to 30 cfm per pupil) and
now (Table 7) are accountable by differences in standards of personal sanita-
tion, as Fig. 9 would seem to indicate.

In the light of the present study. two sets of requirements are suggested

óo
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100
200
300
500

38
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as shown in Table 2 to serve two different purposes. In buildings with tran-
sient occupants, such as theaters, banks, restaurants, and the like, where the
primary in'rpression of the patrons upon entering is of consiclerable inrportance,
ihe higher requirements would be better suited in spite of the higher cost. On
the other hand, in homes, offices, schools, etc., the lower or secondary require-
ments may be urore desiral¡le from the econoulic standpoint. Lacking values in
Table 7 will be completed soon and weak data will be strengthened and revised
in accordance with additional work. The important omission of information
on winter air conditioning will also be attended to.

It should be clearly understood that the requirements in Table 7 are average
values determined by averaging impressions of a large group of Persons. Incli-
vidual variations will naturally occur; there will always be a f ew persons who
would prefer somewhat higher standards as well as a few others who woulcl
be content with lower standards.

Given the specifications of nrinimum oirtdoor air requirernents uncler various
conditions, the problem would then resolve to recirculating a sufficient amount
of air when nee<lecl in order to naintain proper tenlperature, humidity, ancl air
nloveruent. Temperature, in fact, is one of the nrost inrportant factors in air
quality and unless it is controllcd the quality will suffer badly no matter rvl.rat
the outdoor air supply, particularly rvhen the air is overheated.

Su:uuenv

l. The outdoor air requirements for ventilation under co¡.nfortable condition
of tenrperature and humidity have been determined from printary impressions
of odor intensity upon entering occupied roonls and fronr impressions of the
occupants themselves after exposures of 3f hours to the conditions investi-
gated.

2. Wicte individual variation occurred in the anlount of odor entittetl by vari-
ous groups of persons, according to socio-economic status, especially the bathing
habits of individuals and cleanliness of clothirrg. Children, as a rulei, gave off
nrore odor than adults, and their bathing habits wcre deficient.

3. Even healthy cleau persons freshly after a bath gave off an appreciable
anrount of odor which required fron 15 to l8 cfnr of outdoor air per person
in order to dilute it to a concentration tlrat was not objectionable to persons
entering the room from relatively clean air. A week after a bath the ventila-
tion requirenrent of children increased from 18 to 29 cfm, as conrpared with
an increase of from l5 to 20 in the case of adults.

4. With a given group of occupants the intensity of body odor perceived
upon entering a room from relatively clear air (air with threshold oclor inten-
sity) varied inversely with the logarithm of the quantity of outCoor air supplied
ancl the logarithnr of the air space allowed per person.

5. Untreated recirculated air in any amount had no effect on odor intensity
or quality of air.

6. The usual processes of washing, humidifying, cooling, and dehumidifying
recirculated air apparently removed a considerable amount of body odor and,
under certain conditions, practically the maximum íì.nrount possible by the use
of known processes.
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7. Unrler conrfortable conditions of temperature and hunriclity, both prinrary
and secondary intpressions of air quality were founcl to be related closely to the

concentration of odor in the air, despite the fact that the occup¿u.tts thenrselves

could not srnell the odor.
8. Based upon these impressions, two sets of ventilation requireurents were

derived for various groups of individuals under various conditions as sum-

marized in Table 7. The impossibility of fixing any single standard that would
apply under all conditions is clearly evident. Each case, it rvould seem, nrust

be considered on its own merits,

9. The concentration of CO, in the air of occupied roonrs proved to be an

unreliable index of ventilation, from the standpoint of both outdoor air supply
and odor intensity.

Acxr,¡owr,Eoc rur' ¡¡t

Most of the pleliminary painstaking rvork was done by Messrs' J. W.
Buford, Gayle Priester, and Joseph Gessner, to whont the authors are greatly
indebted.

DISCUSSION

J. D. Cassnr-r: This paper is of particular interest to rne as it strcngthens the

conclusious of the Pennsylvania State Conrnlittec appointed to stucly arì([ report on

rules to goveru air supply to public school classroonrs' At the start of our work
the State Committee ãdopted the rcport of the Ventilatiorr Standards Committee
of this Socicty, by providing l0 cu ft of outside air, and 20 cu ft of recirculated air
per occupant of room. These proportions werc found insufficient to elinlirrate offeu-
sive odors; so after further investigation the Comntittee 6nally agrecd on 15 cu ft
of outside air and 15 cu ft recirculated air per nritrute per occupatìt of roonr. This
ñnat report has not been made public, probably due to a change itr state atlmirlis-
tration.

I wish to congratutatc Profcssor Yaglou, not only on this most thorough and

enlightening paper, but also in the ntasterly nanlter in which hc prescnted it. I lrope

to hear comments from other school nteu Þresent, By the way, I anr tlo longcr a

school man; there comes a time in some men's lifc whën they just can't take it, and

I am ór¡e.

N. W. Dowxns: This paper brings to mind an experience we had in Kansas City
some years ago. We built a 3O-room elementary school in the north end of the city
for serving children such as Professor Yaglou rcferred to as coming from the nlore
unfortunate class, The building was equipped with a warm blast fan system, with
air washer, automatic temperature and humidity control and so dantpered that not
only outside air in toto coutd be used but air could be recirculated on a basis of
one-third, two-thirds or in toto, the air supplied renraitring constant at 30 cfm per

pupil. We soon found we were getting no place on a recirculation basis on account
of odors which were at times nauseating. Everr the use of outside air in toto failed
to elinrinate the objections.

The Principal on investigation soon found that a large uumber of these youngstcrs
ìvere sent to school by their parents literally sewe<l up for the winter. He in:medi-
atety took it upon himself to change the situation by requirirrg each child to take
a warm shower bath once a week at the school, although eucouutering vigorous
opposition from some o[ the parents. The objectionable odors soon disappeared as

did atso the objections from the parents. Afterwards it was found possible to recir-
cutate through the air washer as much as two-thirds of the total without objection-
able odors.

)
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G. P. Erl¡s: In Pittsburgh we contiuue to use 30 cfm per pupil. However, in
schools now being built and in operation since September 1, we have equipment
whereby we can recirculate 50 per cent, but the control of that equipment and the
capacity of the equipment is such that we can adjust it up to 30 cfm whenever we
fcel like it, arrd feel it is necessary to do so.

J. N. Hao¡rsxv: I do not represent Detroit officially, but I know the conditions
there as they existed during the period 1920 to 1928. The practice during that time
was to circulate 30 cfnr per person. The percentage of recirculated air is dependent

on outside temperature. A fair average for the cold winter period was 50 per cent.
I¡ sorrre of the schools irr the outlying subdivisions, outside of the city limits, it was
e common practice, in very cold weather, to close'the fresh air dampers altogether.
Naturally the odors in the rooms were very noticeable.

I made a test once in a small school, with a ventilating system handling 30,000 cfm.
If the fresh air dampers were closed for half hour, the odors become very noticeable,
in spite of the continual washing of the 100 per cetrt recirculated air.

I should like to ask Professor Yaglou a question in connection with his tests when
expanded surface coils were used. Some years ago when I was testing some âir
cooling units, I noticed that the units having direct expansion coils and adjusted to
keep the coils just frost covered, thç unit did not keep the air in the room as fresh
as when the room was cooled with the unit using cold water as the cooling medium
in the coils. Irr this last case the wetted surface of the coil seemed to have a better
cleansing effect upou the recirculated air than the dry, frost covered coil, of the
direct expansion type. The condensation which was collected, showed by its color
that it had a great deal of dirt and color.

Mn. Snnpr¡nn¡: I would like to ask Professor Yaglou if the water used in the
spray type dehumidiñer was fresh or had been used long enough to become saturated
relative to the odors.

S. R. Lnwrs: To say that 50 per cent or 20 per cent of the air delivered to a
school roonr is outside air arrd that the balar:ce is recirculated air means very lit[le
in practical service because ducts and walls are so porous and leaky that no exact
or consistent measurement is possible. The recirculated part of the air may be
badly contaminated or it may be uncontaminated even though it has traversed the
room.

The distribution of the air within the room so that each occupant shall receive
his share of the entering air has a very great deal to do with thc problenr. Suppose
that actually 25 per cerrt outside air and 75 per cent recirculated air are introduced.
If each person receives his share there may be no evidence òf odor or of improper
heat removal. However, there are the ever-present conditions of poor distribution,
dead corners, down drafts fronr cool windows, aud up drafts fronl warm surfaces,
which create turmoil and which render the equal distribution of the air a complex
matter,

There is in my experience neither odor trouble nor temperature control trouble
attending partial recirculation but I doubt whether the exact amount of contact with
contamirrated air can be measured or expressed as a perceutage unless the room and
ducts are. bottle-tight.

Me¡rr¡¡n: The water used in the air washers of the Chicago Public School systems
is supplied continuously fresh. A ll-in. pipe runs into the tank while the air is being
recirculated, and a certain level is maintained for overflow. A great number of our
troubles originate with odors in connection with these systems.

J, J. A¡¡enr.v: It is not gracious at this time for a committee member to make a
critical analysis of the report his chairman submits. For this reason I would like
to make only a few friendly remarks.

This is a very significant paper. The air conditioning engineer has recognized
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the importance of the need for control of odors iu ventilating systenìs. I have had
occasion to investigate a number of air conditionirrg jobs a long tinre after the engi-
¡eer had completed his work. Without exceptiou, the problenr today in thcse systents
is the elinrination of odors.

I would like to say, Profcssor Yãglou, that it would be well to urake sorne irrtèrr-

sive study of the effect of air-washers, particularly those systeurs where tlew point
control is used and similar controls where the water is recirculated. It nray be that
under these conditions the effectiveness of air-washers will uot be as great, although
I think your findings are substantially correct for non-recircutated water. I think
you will all agree with me that Professor Yaglou did a mighty fine þiece of work.

W. H. Dnrscor-l: I think this is one of the ñnest corrtributions to the literature
of this Society we have had in many a day. Those of us who worked on the Ven-
tilation Standards Committee, know how difficult was the problern of arriving at a

decision as to what we should set up as the minimunl outdoor air requirement.

I think that Conrmittee worked for well orr to two years, possibly more than two
years, before it had its report in final shape for submission to this Society. I venture
to say that nine-tenths of the time v/e spent in debate and discussion was spent in a
consideration of the question of air volume, aud outdoor air requirements'

When we finally decided that we would take l0 cfm per persorì as the mininrum,
it was a sheer compromise, merely an attetnpt to 6nish thc work of the Committee
and get the report before the Society. There was a difference of opinion as to
whether the 30 cu ft that have been set up as a standard since time immemorial
should be adopted, or whether no cubic feet, for which there was very aggressive
support, not necessarily within the Committee but from outside of the Comrnittee,
on the theory that no scientific studies had ever beeu nrade to support the necessity
for the introduction of any outdoor air as a ventilation requirement.

The work that Professor Yaglou has done has helped rnaterially to bring out the
necessity of some outdoor air. I am quite sure that it will galvanize into activity
the Committee on Ventilation Standards which has beeu inactive for some time,
primarily because we wanted the standards that we had set forth to circulate, to be

tried out, to get the reactions that might come frotn them. I think that Professor
Yaglou deserves our gratitude and I want at this momeut to pay my personal tribute
to him for what he has done, and the great work he has always done for this
Society. I have every confidence in the 6ndings arìd conclusions arrived at by hinr
in the investigations he makes. I know something of his work. I keep in close

coqt¡at.with him, and I feel that he has given us something to work on that we have
d¿i€r lled bcfore in the history of ventilation.

Mrx¡rn: I am particularly interested in the length of time these occupauts were
exposed. It would have a direct bearing on the results.

Mn. H,us : I was interested in the tremendous effect the per cubic foot of space

of occuparrt had on the total air circulated. In totating the values givetr in this paper

it will 
-be 

¡roted that six times as much air per hour is required, if ii is circulated
in a small space; as if one sixth of the amourrt of additional space in the volunre of
the room is provided. What difterence does it make whether the air is in the room,
or circulated?

E. V. FrNnn¡N : It appears to me on the air washer chart that the curve is drawn
with the wrong slope. This curve indicates that a bad odor conditiorr rvould never
be reached, yet if it is extrapolated on the other end, an inñnite quarrtity of outside
air is required to approach a basic tevel.

J. H. V^r,ll Arssunc: This is a fine paper

which has a direct and practical application.
hope that the Committee and the investigati
series of conclitions, such as the requirements
in railroad sleepiug cars.
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Dn. E. V. Hrll: I canrìot let the opportunity Co by to have my say on this sub-
ject. I want to agree with Mr. Aeberly about the inrportance of the subject of odors.
It is a thing I seld<.¡nr do is to agree with Mr. Aeberly, but I will in this case.

The papcr is good; it is giving us information that we need, but it seems to nre
that u'e could get nrore fuudamental infornlation if we approached the problem in a
little diffcrent way.

If I want to know how much air is required to remove the odors from a human
beirrg, I would test the amount of odors given oft by a human being nude, without
arry clothes on. Then I would put the clothing in a cabinet and see how much air
was required to renrove odors from the clothes. In that way you would have some
fundamerrtal i¡rformation.

given off by normal healthy clean human bodies.
Professor Yaglou indicated tlre fallacy in the presentation by showing the differ-

ence iu the air requirenrent after the children were washed, so it seems to me that
we should get away from this silly old idea we have got to experimerrt with nor-
mally clothed
He would be
mental work
do our experi
of air orr nud

Mn. Dnrscor,r,: Somebody always gets up and disagrees with Dr. Hill so I don,t
warlt to disappoint him. I am concerned primarily with people who are clothed,
and the circumstauces under rvhich we as errgineers have to treat those people.

w- F. cnnrsrrrr.n¡ : This discussion refers to the idea that we have a bare room,
with no draperies, rugs, or thirrgs of that nature. what effect on the recomnrenda-
tion that Professor Yaglou nrakes has the question of draperies or rugs or arry odor-
giving device of that nature? All of the discussion up to this time sèen¡s to be con-
cenred with the odor question. I would like to knor.r' if there is any effect on the
bacteriological count with regard to the amount of outside air introduced.

l'f n. A¡¡¡nrv: Although this paper clearly irrdicates that the rcsults obtained rvith
air-rvashers are basecl on nou-recirculation of the wash water, this fact should be
emphasized because irr practice sirnilar results are ofttimes expected, but are not
obtaiued when wash waters are recirculated.

PnoFEsson Y,lcrou: I agree rvith you, r{r. Aeberly; in our experiments the spray
water was recirculated but it was changed in every experiment. Also a greater
anrount of water was sprayed per unit volume of air handled, than in commcrcial
air washers.

A common question has been the effect of water purity of the air wâsher. Tl¡is
was an important factor, and one or tu,¡o of you probably missed it in the paper.
You will find on page 146 the importance of keeping the rvater fresh, that is chailing
the water in the air washer every day, or as, in our case, after every experiment. -

Exposure irr all experiments was 3l hours as indicated on the slides. In most
instarrces it was not necessary to continue the experiments that long, but we did,
nevertheless. E(uilibrium was established in one to three hours, deõénding on thó
air space per person and amount of outside air introduced to the room.
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The qua-ntitation and qualitative relationships between air-borne bacteria in occupied
rooms and amount of outdoor air supply is now beihg studied by Dr. wclls at the
Harvard School of Public Health
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