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VENTILATION AND EXHAUST AIR
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PART ll: ODORS

J.B. Chaddock, P.E., Ph.D.
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I NTRODUCTION

ABSTRACT

Standards for ventilation -of occupied spaces have been set pr.ìmariìy on the basis of odorlevel.. Hospitaì ventilatÍon is sômewhat of an exception, whei-eìn there is a nisk of a.irborneinfection and the nelease of chemical contam'inants, iome ioxic. A large fractjon of hospitalspace'is relativeìy free of ajrbonne bacteria and ðhemjcal pollutìon; fürther transm.issjon orìnfection by ajr nrotion is considered minor b many rBclical'authoiit'ies compared to djnect
Ç ont act

.Th]s study reports on the odor leve'ls and odor acceptabi'lity of the air cinculated tohospitaì patient rooms, as-judged by a paneì of colìege students," patient Tower 1 of a unì-versity hosp'ital (a recentìy constructed rodern faciliõy) was used as ihe test site. To.iìet
exhaust from half of the patient tower was reduced, w¡riIe the "control', half of the towerremained at nonmal exhaust. Panelist-judgements of odor levels are quantified againsi-ttreDravnieks binary diìution {butanol ) oliaciometer. The results srgg"it that reduct.ions incurrent standards of hospìtal ventìlation (and toilet exhaust) may 1eãã to odor^ levels w.ith ah'igh percentage of unacceptabjlity.

Standards for ventilation of occupìed spaces have been set primariìy on the basis of odor"s.Hoqpitaì ventilation is somewhat oî an exception, wherein there is thä.ist ot airborne iÀt..-tion and the release of many chemìcal contaminants, some toxic. In u.orpaÀion pãp.i-(ii t¡.author has presented an organized survey of the rpdical findings and thini<ing on'the role ofqi|in-hospìtaì-acquìred ínfectjons. The paper a'lso djscusses in some detail the ASHRAE andfederal standards for hospital vent.l'lation.

It has been suggested-that_a large fraction o[ hospìta1 space is re]atively free of ajr-borne bacteria and õñemica'l pollutionl consequèntlv, vãnillaiiðñ-reõuìiements for those areascould be reduced toward values set for commercial ¡úild'ings. A space classification study of
f.i:l;1:?ijY hosn'ital confirmed that upwards of 80% of itõ spaces relr inió-u ããi.õõrv-iãi*.o

factor for outside air ventilation. As a conprime site for conductìng a sludJ of minjmum exhaust air rates. A panel of universì,tystudents was used to judge odor levels and acceptab.iììty.
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LITTRATURE SURVEY

An extensive literature survey on hospital venti
the U.S. Department of Enengy. Chapter 6 of t
survey 'is concerned with odor: how the nose se
'i ntenlity of odors, the d'if f enences that ex'ist f
ficult'iei of odor rlpasurement, and the relat'i
Some pertinent quotes from the report are:

Odors are either liked on disl'iked based upon prevìous experience with the odor

or a sjm.i lar odor.. P'l easant oclors conjure up in our minds v'i sions of pleasant

th.ings whiIe unpleasant odors can create àiscornfort. Odors have a significant bear-

i ng ón human .inleract'ion i n today 's soc'i ety . Persons are categori zed by thei r odors

whether the odo¡is real or not, and the olot emanating from the individual is used

to indicate nnial pur"ity, sociál status and l'iv'ing standar^ds. _- The enti re nervous

i'ttãr ii -affecteà 
Oy 

- ó¿ons. ll'ifferent odors ieact to jnfluence our heartbeat'
räspiration, and othei reflexes and calm us or put us on the defensive'

s that the personal likes and d'islikes of
ar odor to be classified as pìeasant or

non of reflecting secondary effects caused
be recognized as odor produc'ing. .For ex

stal e oi stuffy i s usual ly contami nated
odorants producing a depressìng physio'logì
the sensation of odors. It is difficult t
subjective concern. It must be recognìzed that hosp'ital_odors ane a problem that
does cause páiient and staff discomfõrt and that ventjlation rates must be con-

sidered when dealing w'ith odor control.

Individuals vary ìn ability to detect odors either due to specific anosmia or
jntra-.in¿.iviáüaì s.nîitiuity. "sensit'iv'ity to odors should follow a Gaussian distri-
but.ion when concentration is expressed'in ìogarithmic form.

gdor threshol ds of d'i f f erent chemi cal s vari es immense'ly. 0dor thnesho'ld deter-
minatión of 53 odorant chemicall-ai tested by Leonardos et ã.l. showed that Trimethyl
Am.ine has a threshold of .00021 ppm versus Acetone wiTî- 

_- 
threshold of 100 ppm.

This would indjcate that extreme'ly low concentrations of a part'icular chemical in
tne-nòipita'l can be associated wiih an odor prob'lem while much higher concentrations
of a different odonant m'ight y'ieìd no problem'

Alì odor rÞasur-ement technjques that are ìn use at the present time rely on.the
human nose. The sensory attiiËutes ttra can be rpasured are the acceptability'
quality, intensity and pervasiveness. l'lh

tal it is better to reasure the obiection
thneshold. These two numbens can be vas

aìways lower than the objectionabil'ity th
before it can be objected to. In the h

object'ionabi l'ity rather" than to el imi nate
principle which could be used in all dwe'lìings to conserve enengy.

The f .i rst def i n.iti ve studi es of odor" and venti I at'ion rate wene conducted pni nc'ipaì ly by

c. p. yag'tou and'à;;;¿ìãtãi.(s,0) tnei r concern was with occupancy odor, and they applied
simple psychophysical scaìing to the question of how the level of odor depended on ventila-
tìon. In the most often ãìted work'and the one on which the earìier ASHRAE ventìlat'ion
standards were ¡aiã¿, Yagìou, Rìley, and Coggìns(5) charted odon as a function of density of
occupancy, ô9ê, socióecoñomið statué, persõñal hygiene, and ventilation rate. It was deter-
mjned that density of occupancy and ventilatior rate were the nost important'

F.igure 1 presents the nesults (as.adapted by pa'in(7)) lor adult,subiects. The ordinate
in the figure is'irôm-u-iãnró.y intôñiiti icale o? booy odór developed-by Yaglou, as presented
.in Table 1. If the cniterion of accepiabìlity of odór is taken as 2 on Yaglou's scale of

int.niiiy-i¿ashe¿-ìin.- oi-rigrre 1), t'hen a rãlationshìp of outdoor ain ventilation rate to
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air space per person can be established. Such a relatjonshìp is_shown by curve,,C,,ìn Fìg2. The est'imates of odor ìevel that led to itre-.oñsirrðtiòn'of-Fiöù;ä ì (an¿ curve c of Fure 2) came from a few observers who entered the chamber monentariìy from a fresh air room.

Caìn(7) has this comment on yagìou's results:

It seems strange that ventilatjon requìnements shoulcl have failed to vary pro-portiona'lìy wìth densìty of occupancy, an outcome that would havé allowed the rateper Person to remain constant.wjth changes in clensity. Yaglou necognìzeci th;anomaìy and suggested two possible causeð: 1) progress'ive ínefficìeñcy in theclearance of contaminants as nominal ventilation rate íncreased, aÃd ãl-iñitåuilitjof occupancy.odor, i.e., rapid decay of this partìcular odor evén wjthout d.ilution--Yagìou's estimates of ventilation requìrements have withstood the test of time.That i s, few persons have argued that tfie recòmmended rates fal'l bel ow that r.equ.i nedfor. 
-sedentary, nonsmoking óccupancy. During the time thai .*gy has.increasedrapidìy in price' some have wondeneã whether the recommencled rates fall above therate necessary.

Blìnd adherence to recommend'ations based exclusìvely on contnol of body odorfrotn normal persons has nelativeìy little ¡uitiiìðation. "lnãôeJ, iagtou and assoc.i-ates took pains to point out that pensoñaì hygiene alone couíd exert a powenfuìj nfl uence on venti I ati on requì rements.

These and othen considerations, such as the pnesence of odonous contaminantsother than body odon in'indoor sþaces, have conspi.ÀJ-io-pusñ--ventilation ratesabove those recommended by yagìou. A co

js confronted in public buildings.,'

This conclusion anose from results
how odor clecl i ned .in the sti I I ai r of an

ce ozone. The peculiar behavjor of body
The influence of per cap.ita air space onnt of body odor would, therefone, seem to
rapid dìsappearance of body odor',. In

eneral useful ness of yagì ou ,s recommenda-

the other odor-s they studied (vaìerìc andne all capabìe of nnsking body odor com_
h mìght generate its own "venl.iIation re_
nd level than the cunve in Fig. 2. This
oke odor. As Fig. 3 shows, in-an unvent.i_'increased for appnoximateiy 3 hours after

the control of body odor seemed accom_
w air fìow, the control of tobacco smoke
sma'll nooms w.ith fast vent.ilation.

ure
ig-

In 1980-81 odor studies were conducted bv Castnucted ventilation chamben of 1200 1¡3 (3a ,j),i-
nd Ledener(7,8) in a specìal1y con-
nnin factons in the investigat.ion of

xlhe chamben was constructed of-aluminum with a perforated plenum beneath the floor.entered via the plenum ailowing a voìume frgw of up tã 2000 ãim'¡iô00 tl¡j-*itñ -ron"uåio.
and very rapid mixing with the ajr in the chamben.
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occupancy odor jncluded three levels of occupancy (4,8, and 12 occupants), four ventilation
;;iã,| 1s",10,15,;;d-ão ärr-[(2.s to 10 L/s]) pãr occupant, and four temperature and humiditv

con¿itìoñs.-Thé nnin factorl'in the investigation of tobacco smoke odor included three rates

ãi ir.liré (4,8, and 16 cìgarettes/hr by foúr smokers), six ventilation rates (11, 16,20,
ãs, ¡s, añd'oa cfm 

-iis.s 
io"3a L/sl per occupant), and again foun temperature and humid'ity

conditions.

0ver 200 persons partic'ipated 'in the. experìments, which involved sniffing the chamber aìr
at a stat.ion outside the chamber anà makinþ ¡uogemeñts of odor intensìty and acceptability.
gdor intens.ity was judged by a psychophysiðal mãtcning to one. of the eight odor ports of a

Dravn.ieks binary dilútiõn (Uutanoi ) olfactometer (see Figure 11).

Resr¡lts of Ca.in and Lederer's(7,8) experiments are shown in F'igure.4. These results are

taken across 
"nvi 

,"ônrnàntal condi ti ons anä thereby focus on venti I ati on rate and occupant-

density. They ¿emonsi.áie two major fìnclings, namêly: (1) in contrast to the findings of
yagìou, occupant density has no apparent effect on odor level for a g'iven ventilat'ion rate per

å.Ëróãrt; lãi-in..ðãiinä the ventiiatjon rare above 10 cfm/person (5 L/s.person) ha¿ almost no

effett on the judgement of odor level.

Fìgure 5 compares-acceptabiìity-of occupancy. (body) ogof. and tobacco odor by the panel-
.ists lo'nngnitude'i.uãl- ót'butanol'fiom the'eig-nt' poits of the Dravnieks olfactometer. Fon

occupancy ódor, even the lowest port, no.1 (with_a butanol concentration of 16 ppm at or near

iñã ïr,r"i¡ola iimii tor good noses), rated only 85% The pane'lists found occupancy

õäõ.i ,nut.ning teveìs 2 ãnd s accóptable 80% är tne between levels 3 and 4 accept-

ã¡ilitV Oroppõa sharply. Cain, et al. (7) offered : "An absence of clear level

dependency suggests thä matching 'ìevets 1 thr'ough 3 nereìy 'noise-level' dissatis-
iãltion that wõuld occur if odor level ever exðeede ' Butanoì matching functions
obtained with ventilatjon rates of 5 and 10 cfm p t, however, exceeded level 3.

These functions raise the quest'ion of how high od imb before it fajls to meet a

reasonable cr.iteriðn-ót ãã.dptuuil'ity. Àccoroíng t tance funct'ion [Figure 5]' the

odor levels achjeved with 5 änd tO Lfm per occupany I at about 70% and 78% nespec-

tive1y."

Results of nngnìtude est'imation of odor by_visitors durìng a smokino rate of four c'igar-
ettes per hour .in the chamber u.. p."ð.ni.ã in" F'igure o. - nttËr smok'ing"began (at 15 minutes)

the odor level .otã'inãrpìv-ouàr t[re next 15 minuies and persisted at a higher 'level for one

hour after smoking sioppba. At a ventilation rate of 68 cfm (34 L/s) per occupant it was not

poss.ibìe to neducõ tr'.'odor- level to nonsmok'ing cond'itions, nor d'id this highest ventilation
lãiã provide much-impiovem"nt of odor intensìty over a 35 cfm (i7.5 L/s) per occupant rate.

As in the case of occupancy oc1or, high humìdity conclitions (RH > 70%) resulted in higher
ju¿gemãntl ot o¿ór i.uãi. '-Hii¡rr numí¿ití also caused tobacco odor to pers'ist longen after
érot ing ceased. 

-smot<ing 
rates-of 8 and i6 cigarettes pen,hour produced very similar results

tò tnoðe of Figure 6. 'However, a ventilat'ión rate of 68 cfm per occupant was necessary to
brìng the butanol odor 'level down to 4.

Generally, cigarette smokìng pnoducecl a matching'int-ensity odor of between 4 and 5 on the

butanol scale when ventilation rates-nãið iñ ftre.ange of 25 cim !o gl cfm (12.5 L/s to 17'5

L/s) per occupant. With reference to the dotted cuive of Figure 5, this corresponds to a 63%

t'o aa[" acceptab.ility Uy v.isitors. The acceptability rating by smokens in the chamber was

80%. (7) ,

PATIENT TOWER ODOR STUDY SITE

Figune 7 is an ìsometric schematic of the eìght
piial. The general path of the exhaust and

sketch. Note that there are two noof exhaust
servìng one-half of the tower area. Simiìan
divideã equaìly 'into two return air chases (se
pr.ior. to entny- to ãir-nan¿ìing unit 27 on 'level 1. Th'is "split" exhaust and return system

offers a near ideal setup for studying the effects of reduced toilet exhaust.

l,\lìth the cooperation of unìversìty Medical Center operations and the health safety
off.ice, experimenti'were planned to recluce the exhaust ajr to the patient rooms served by

exhaust,,A." Exhaust,,8', was to openate nonmally and serve as an unmodified standard for com-

parì son.
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The suppìy, return, and exhaust-air^rates.for patient rooms ane identjfied in Figure g.
The south-facing rooms receive 190 cfm of condjtioned air, exhaust 50 cim thnough the toiìet,

over the sum of exhaust and return pnovide for aspaces. The suppìy and return rates ane lower
Corner rooms have still different rates because
n r.oom maintains a neturn and exhaust air rate
atìve pressure differential.

In Fìgure 9-a'i.r-hand]lls qllt (AHU) 27 and jts associated ductwork serving the peripheryzone of Patient Bedtower 1 ia illusirated at floor level 1. nn óãór-iampìing"státioñ-wàl setup next to the inlet of AHU 27. The thnee odor-sampling points usecl wene: oùtsi¿e air, indi-cated.as point (i); retunn air from chase A (sectibn wítn rectuced toilet exnaùsi),-inã.icatedas point (2); and neturn air from chase B (at nonmal toilet exhaust r"atei),-1;di;;i¿a'äl'ioint(3).

ilation system in patient Towen 1 offered con-
sampling points for outdoor air and return air
a r the sampl i ng stati on , penmi ttì ng short duct
or contamìnation in transit. The outdoor air
by the panelists. The accumulation and mìxingof the neturn air fnom one-half of the patìent roäms pt'ôvided a condjtìon similar to recìrcu-latìng part of the toilet exhaust air. The sirde-by-side locatjon of the sampiìng-po.ið in u"neutral " mechanical space permitted comparative j-udgements on odolintensitV ãnå acãepta-bility without the preconditioning that would occui ín visits to patient rooms and to.iletsthrough other odi fenous spaces.

Sample Station Setup

is illustrated in Figure 10 by a photograph
ameter, 45-degree elbows of chem.ical resiõtant
sample air was delivened by the fans of four

onnected to the gìass sniffing ports by a fìex-
ch was advertised as free of any odor. pre-
nmed no noticeable odor addition to outdoor air

absorb odors. be of a hardness and quality that would not

por^ts wene mounted on a plywood paneì so thatin fnont and one-half behind the board. The
lbows behind the board and, hence, were not
ctions were changed after each test; hence, a.ir
presented through any one of the four ports

0n a table ìocated a short distance from the odor sniffing ports was a Dravnieks binarydilution olfactometer. In the photograph of Figune 10, á punËríit-i. bent oven the olfact-ometer. A cìose-up.view of a paneìist samp'lìng irom one of tne olfactometer ports is shown inthe photograph of Fìgune 11.

ODOR.SAMPLING TEST PROGRAM

Exhaust and Vent i l ation Rates

Before starting anl odor tests, a check was nade on the airflow rates jn a random selec-tion of patient nooms in Patient Tower 1. The nBasunenents were companed with the designvaìues as taken from the HVAC draw'ings, and, in almost every case, the measured flow rateswere below the design. In the case of toilet exhaust air neãsuremeñts, the flow was often sol9* ]! would not give an indicat'ion on the box anemometer or on a smalì hand-held anemometerat the gril ìe face. 0ur findings were reviewed wìth hospitat engineering ano opÀ.ãiionsstaff, and maintenance per^sonne'l were directed to check and ã¿just aírilows in pat.ient Tower1. Additional airflow checks were nnde before and durìng thé odor tests from which it was

@theodorsamplingstat.ionjnc]udi!g;samP]ingpoints,sizeofports,and
sampìe ain velocity; were based on rãconnnendations of Di. william"s. Cãin.
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concluded that toilet exhaust air rates were generally within 701" to 110% of the des'ign value

of 50 cfrn under nonmal roof exhaust fan operation.

The exhaust air fron the tojlets on the west side of Patient Tower 1 are served by roof
exhaust fan A and those on the east side by exhaust fan B (Figure 7): As the isolation nooms

iÊïg¡¡| aj are in the north end of the zone served by exhaust fan B and return air chase B,

inui side was chosen as the control zone. The exhaust air volume was nnintained at or near

the design flow rate. In the zone served by exhaust.fan A and return air chase B, the exhaust

iun rp..ã was variecl from 1007, of design to 33% and in one test was shut off for 15 hours-

ttings and outside a'ir ìntake damper pos'it'ions
4 were discarded; the fjrst test was a trainìng
ew panelists to give a reasonable statistical

d'í iferent operati onaì condi ti ons. Tests 2 and

wise tests 5 and 6 are dupììcates with exhaust
'mal outside ajr damper setting. Tests 3 and 8

are with exhaust fan A at 50% of normal speed, but they diffelin the outside aìr dampen posi-
t.ion. Test 8 reduces ventjlation air to a 28% damper posìtion to compensate for the reduced

exhaust ain rate. Test 9 was made after a 15 hour" shutrlown of exhaust fan A. Test 10 was

again nade at nonmal design condjtions, but thnee hours after the end of the shutdown of Test
o

0don Panel and Ballotinq

The odor^ pane'l i sts vlere necru'i terl f r^orn among the. student body, and, the tests were. con-

ducted cturìng tfre laie summer months (Ju1y and AuSust). Consequently, it was somewhat diffi-
cult to recruit stuàents who would be'available continuously for the s'ix weeks of testing. 0f
ihe 20 paneìists sefãited, the Íìean age is-22 with the oldest 31 and the youngest 18. Thene

were 13 male and 7 femaie pane'l'isti. Onìy 2 of the 20 were smokers and those two were
,'light,' smokers, adm.itting to only one to five cìgarettes pe1 day. . Three of the students wene

ìdentjfied as of fðieign ñationality: fnom Venezue'la (Span'ish background), Japan, and-China.

0nly three responded þos'it'iveìy t-o ttre questìon:-_ "Do you have any respiratony pnoblems on

aì1órgies?" The al lengÍes stated were cats and po'ì len.

The paneìists wene given an orientation sess'ion, whìch cons'isted of the folìowing
ì nst ruct'i ons and dernonst rat i ons :

1 They would be penforrning odor judgements on air in the supply and return ventiìation
system of the un'iver^sity hospital .

2 There was no hea'lth risk ìnvolved nor would they be samp

other "bad" smells. The air samples presented wouìd be

hospi tal .

Four odor-sampìing statjons would be presented. One would a'lways be identified to
tñËrn as-;oritib"" ãìr taken from an area just outside the building. The other three
sample stations would not be identified as to their source'

The odor judgement to be nendered at each sampìe station was a cho'ice among:

(a) None - No perceptible odor on very faint, bare'ly detectable, usualìy'impercep-
tible.

(b) Definjte - Slight odon, readily detectable but not objectionable.

(c) Moderate - Ne'ither pleasant non di sagreeable, little or no object'ion.

(d) Strong - Regarded with disfavor, objectionable.

The Dravnìeks binary dìIut'ion olfactorneter was described and demonstratecl. A judge-

m.ntul nntching of ihe "intensìty" of an odor at a hosp'ital air-sampling statìon to
one of the eigñt ports on the ollactometer" was to be nnde as a Part of each test.

The,,ba'lìot,,to be used in all of the odor judgement tests was distributed to the

linq obnoxious, Putrid, or
thoie ìn 'nonmal" use'i n a

3

4

5

6
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panel'ists and the
here as FÍgure 12.

pr'ocedune for compreting it described. The ',bar rot,' is presented

(Fì gu re
i n com-

7 A visit was made to the nBchanical room on the first level of patient Tower. Ii0) to view the odor"-sampìing stations and review the procedures to be usedpì et'ing the "bal I ot. "

The panelists wene instructed to begìn,,with.sampling port A then proceed systematicaìlyto B, c, and D. The pont jdentjfied ãs "outsjãÀ ãi.i;"¿üiing ðäðr, tlrt could be used to"cleanse" the nose of a strong or ìingering odor before proceeding to the next odor judgement.The "ballot". nequìred three tiials to-be nnde at each sampling port. 0n the third triaì, theodor was to be nated as "Acceptabìe" ol "Not Acceptabìe" änd ihà matching of ìntensìiy ma¿e toone of the ports on the olfactometer.

TEST RESULTS

are summar"ized jn Table 3 and Figure 13. In
e trials is tabulated under the columns of odorìniter" "moderater" and "strong. " The numbenssts expressing a judgement of ihat odor level.

or the foun levels of odor, an avenage ìs com_nt an odor level mjdway between "deiin.i te,'and
nonacceptab.i ì .ity of the odor sampr i ng. 

gì ve the paneì ì st votes on the acceptab'i I i ty and

results jn the form of a ban graph or h.isto_s figure ìs the mean matching- odor. level offactometer. The ',butanol level" scale on the
he eìght ports on the olfactomet,er. Thus a "4"

Ïhe results presented in Table 3 and Figure 13 have the folìowing characteristics:

hours' There could have been a buiìdup of a higher than nonmal odon level that threehouts of operation -at design exhaust conditions was not sufficient to remove. Exam-ination of the results of ihese three "nonmaiiiexhaust tests shõws panet.ist votes atall levels from "none" to ustrong." The average vote is around 1.75 or a bjtbelow "moderate.,, In Test 7, whiðh m
operating conditìon, return system B
netunn system A, 1.84 vs . L.27. Tha
retunn ajr B vs. 6 unacceptable votesparticipating in the test. The hal f
and used as a ,'control', appeans to hav

A exhaust fan at one-half speed. Test 3 used

-setting (37%) and Test g, a reduced damperIts of box anemometer rÌEasurements on exhaustrooms. The nBasurements confirm that exhaust
fan A and return air system were about one-

. The odor judgements in Test 3 again
retunn system B has a higher odon level
votes ranged f rom ,'none" to "strong, ,'

system B on the ballot. System B was
System A had an average level of 1.44.
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air B unacceptable in odor ìeve'I, whereas only 3 out of 13 found return A at an

unacceptable odor level, even thóugh it returned ajr from the patìent rooms with
reduced toilet exhaust.

Test 8 produces r"esults more nearìy in line with what had been expected,-i.e.'
an increased'odor level in the ajr frorr return aìr system A, wìth only one-half the
toilet exhaust nate of system B. The average odor level for A'is 1.89 and B out of
1B unacceptable votes versus B at 1.80 and 11 out of 18 unacceptable odor votes. The

matching butanol 'levels are 2.9 for A and 3.0 for B.

4. Test 5 and Test 6 are with the exhaust fan'in system A at one-third speed ancl the
same normal outsjde air ventilation damper sett'ing, 371". Test 5 odor judgement re-
sults show both systems at about the same level of odor and acceptability. However,

Test 6 again prodices the reve¡se resu'lt expected. .system B is judged to have a sig-
n'ificantÍy niiner odor level (2.00 average) than system A (1.51 average). System B

also has a lower percentage vote of acceptabiììty than A, 46% vs. 677", and a hìgher
butanol nntchi ng odor 'level (Fi gure 13d ).

5. Test 9 was conducted after the exhaust fan in system A had been shut down for 15

hour"s. The odor panelists founcl system A slightly hìghelin odon'level than systern

B, whi ch had conti nuous operat i on ãt normal ioi l et exhaust aj r rates. The di ffer-
eñce, however, was considerably smaller than might have been expected. The average

odor level vote for return air sampled from system A was 1,72 and the pencentage

acceptance by the panelìsts was 537,. For system B the comparable fìgures were 1.58
and 62%, not a significant difference.

The odor level in return air system B was to be used as a control or standard in nelatìve
odor judgements to return a'ir systãm A, where the exhaust ajr rate was reduced to one-half'
one-tñjrð, and zero percentage 

-of 
normal or design values. Unexpectedly, system B-sometimes

produced ihe higher odor leiel. No plausible expìanation for this anamolous resu'lt can be

offererl other thãn the possibility that some unidentified hospitaì actjvity or pnactice genen-

ated mo re odoli n the "8 " sect i on of the pat ient towe n.

In the literature sunvey, a field study on odor/vent'ilation relationsh'ips in public
bu'ildings(i0) was found that nnde use of a qu stionnaire distributed to building occupants.
Tne queõtionnaire sought a rating on seven envìronmental factors: air temperature, humidity'
air nntion, aìr freshñess, air õdor^, noise level and comfort. Such a subiective rating by

building oðcupants, w'ith iome adaptaiion to the environment, seemed ljke a reasonable method

to cornpãre the acéeptabj'lìty of'odor by visitors versus occupants in the hosp'ital patient
tower.

Figure 14 pnesents the nesults of the questionnai ne rating by nìne panelists during a

v'is'it tó a patient room. F'ive of the n'ine'panelists marked tñe odon as m'idway between "no
odor" and "strong odor." The other four paneììsts found a lesser odor level. All nine narked
thei n bal I of "acceptabl e " on odor.

The votes on odor level had a qneaten spread at the nurse's station and at the visitor
alcove, which are ln-tne-cãntra1 poriìon of Patìent Tower 1 and nean its entrance, respective-
ly. ¡jl nìne paneì ists agaìn found the odor acceptabìe at the nu¡sers station, although three
mãrked the Uailot at an odor level above the m'idpoint. At the visitor's alcove, the odot'

levels were comparably judged, but two panelists now found the odor unacceptable.

Figure 14 shows the pat'ient room was judged to be cool with a tenclency to be "drafty."
Ballotìñg at the nurse's ltatjon and vis'itoi aicove were at a more "neutral" air temperatune
and acceitab'ility. Juclgements of noise level varied greatly among the panelìsts. The major-
ity mårkäd the bãlIof aóout halfway between "comfontab'le" and "uncomfortable," pnesumably on

thê basis of the sìx envinonmental factors that had been pnevìously marked.

Figure 15 pnesents the "averaged" vote by the pane'lists for the eight odor" tests. Aver-
aged võtes for'the hospital ajr õampled from retuin cluct A and return duct B show an odor

lãve] from moderate to äbout midway'between moderate and definite. Reducing the exhaust air
rate from the patient rooms through the toilets had little, ìf any, effect on the iudgement of
odor level in neturn duct A. Tõsts 7, 3, 6, and 9 are consistent in showing a sl'ight trend
upwand in odor level as the exhaust on-s'iáe Ã of the towelis reduced. Tests 7, 3, and 6

further- suggest that side B of the tower, where the exhaust air rate was unchanged, releases
more odiforous material than side A.

3't9



Test 9, taken fnorn 6:30 a.m. to-,7 a.T. Igllowing an ovennight shutdown of exhaust fan A,shows no votes of a "strong" odor. The significãnce"here is thãi oãð.-!.n"rat.ion was probabìyat a reduced level during the shutdown períod. It suggests that r-erluced exhaust and ventjla-tion rates at nighttime could affect enengy cost savingð without r"¿uðing.indoor aìr qualìty.

CONCLUSIONS AND RECOMME NDAÏI ONS

4.

REFERTNCIS

I

1

ratings were__consìderably lower, ranging
raging about 5b%. Table 5 summaij zes-thõal odor"s.

tal factors whi le present in a hospìtalacceptability', of odor. greater than' 90%.

..acceptabiììty by,,occupants', as compared
"vi sitors " comj ng out of a fresh ai r en_
level will need to recognìze the distinctal pensonne'l .

Based on the odon study conducted here, indications are that toilet exhaust ratescould be reduced w'ithout a significant ånange ln ó¿or level. In a'll but one of theeight odor^ tests conducted, tñe ventilation- nate-wãs not changed when the exhaustrate was reduced. Additional odor testing wiìl be necessary to more clea11y estab-ljsh the nelationsh'ip of oclon level to exhãust an¿ veñtiìation nates ãnJ the abil.ityto reduce both while nnintaining an acceptable odor environment.

One of the more promis'ing prospects for additionaì energy conservation in a hospìtalis the reduction of exhaust and ventilation .ãlðs ãrrins the late evening and over-night' Odor and chemical contaminant generating aiiiviiies are at a minìmurn duringthese hours. One test conducted in tñis stu¿v, wii¡r overnight shutdown of toiletexhaust, produced no higher judgements of odor iével ihan ouring nonmal daytìme oper-ations. Additional odor-testing together with airborne chemical load rieasunement aneneeded to establish the'limitations for neduced nightiime ventilation ràtes.

2
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TABTE 1

Yaglou Sensory Intensity Scale of Body Odor

udor
Intensity Characteristic

f n

0

r/2

1

None

Thr"eshol d

Def i ni te

Mode rate

St ron g

Veny strong

Overpoweri ng

No perceptible odor.

Very f ai nt, barely detectab'le by tr^ai ned judges;
usual ìy 'impercept'ibl e to untrai ned persons.

Read'i ì y detectabl e by al I norma'l persons but not
object i onabl e.

Neither pìeasant nor disagreeabìe. Little or no

objection. Allowable limit in rooms.

Objectionable. A'ir regarded w'ith disfavor.

Forcible, dìsagreeable.

Nauseati ng.

2

3

4

5
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TABLE 2

Hospìtal 0dor Test Conditions

Exhaust Air Conditions

Test
No.

stem B Ai r Intake
Dampe r

Position

377.(L)

37%

377"

371"

37%

28%

rg'/.

371.

Air
Temp ' s.

OA RAF an
RPM

963

520

350

350

963

520

OFF(3)

e60( 4)

No rma I

100

50

33

33

100

50

100

RPM

104 5

1 059

105 9

1 059

1059

105 9

I050

I 050

No rrna I

100

100

100

100

100

100

100

100

86

a1

-(2)

85

85

84

79

84

B3/81

82

82/ 80

82/7e

81/80

801 7e

8i/ 80

F F

2

)J

q

6

7

ð

9

10

Notes:

1) Nonmal outside ai r damper" pos'it ion for summer cool ing operation .is 37%
open

2) Temperatunes not neconded in Test No. 5

3) Exhaust Fan A tunned off at 3:30 p.m., odor test 15 hour^s later at 6:30 a.m.
on 8/6/82

4) Exhaust Fan A turned on a
later at 11:30 a.m. on 8/
a.m.

t 8:30 a

6/82, A

.m. after 15-hour off-period, test three houns'ir intake changed 18% to 37% open at B:30
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TABLE 3

0dor Test Results

Test
No.

?

Odo n
SamPl ea

0*
A

B

0

Exhaust
Fan

Speecl

Ful l
Ful I

Ful ì

Ful I

0ff
Ful I

0

None

8,J ,7

9,9,9

9r9r11

13 ,15 , 15
I,I,1

15 , 16 ,16

17 ,r7 ,r7

11,13,14

I1 , 11 ,11

I
Def i ni te

2

Mode nat e

J
St ron g Averaqeb Accept.

Not
Accept.

1

1

7

i

2 J

5

1

2
7

J
4

4
9
6

5

4,2,2
!!,1?,12

3,4 ,3
2,I ,I

0,0,1
5,3 ,6
7 ,7,5
2,I ,0

4
4

4
1

J
7
?

4

2

1

2

1

1

1

2

E.

6

1

5

9

5

1

1

5

2

I

4

6

4

4

1

4
1

2
(

4
Ã,

6

5

1

6

2

4

5

6

5

2

7

2

10
4

4

10

T2
10

7

13

0.21
r.62
1 .64
0.33

lÃ.

9

I
i5

0.10
1 R1

2.00
0.24

13
9

6

13

0.33
r.7 4

r.62
0.27

23
44
88

.16

.¿t

.84

.08

.05

.89

.80

.28

2
t!2

0

r2,r1 ,12
2,1 ,l

0*
A

B

0

0*
A

B

0

0*
A

B

0

0*
A

ö

0

0*
A

B

0

0*
A

B

0

0*
A

B

0

a)

0ne -11a I f
Ful I

One-Thi rd
Ful l

One-Th i rd
Ful I

11,10,9
1,1,0
2 ,0,0
9r9'8

11 ,11 ,11
0,1 ,1
1 ,0,1

I0,10,10

4

8

4,7 ,J
7,7 ,5

I,2,3
6 ,8,7

ô.? ?

11 ,13 , l3

10'
t2,

10,11,8
4,6,4

1

2c

1
?

6

0

0

6

1

0

0
4
7

0

0

1

1

0

0
1

I
0

0

1

1

0

0
1

1

0

5

6

?

3

3,3,3
3,3 ,3

¿

1

?

1

1

2

5

1

5

2

5,3,2
2,I ,3

7,11,9
8,9 ,9

2

1

¿

2

1

7

4
4

7
t7
10

J

17

0
6

14
0

a

9

i0

Notes:

One -Hal f
Ful ì

7r5
12,13

1

4̂
F,

2
2
6

?_

1

4
4

7

?
2

6

4

1

8
4

4

2

5

l
?_

4
2

0
8

11

0

.58

.19

13
ö

10
t2

.86

.72

.06

t]
9

10
tl

0
ö

17
0

18
10

1

18

room return air, 0

.15

.72
0
5
2

1
1,0,0
9,11,11

2,1 ,2

17,17,16
Fulld
Ful l

15,16,17

0* is outs.ide air.identifiecl to paneìists, A and B are pat'ient
'is outside ain not ident'ified as such'

Based on 0 (None),1 (Definìte),2 (Modenate), and 3 (Strong)'

One panefist narked the odor "very strong'"

Three houns on aften a 15-hour off-period'

.020
1

1

0

b)

c)

d)
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2r23

4rt7

4119

4I28

61i8

6r27

8117

8t25

bel ow 20

2L

25

2l

30

2t

2I

2I

42

42

20

42

(1
JI

40

45

49

Rooms senved by exhaust fan A
operating at one-half speed

Room No.

TABLE 4

Measured Toilet Exhaust Rates

Test No. 3

91

100

100

100

100

100

92

100

Rooms served by exhaust fan B
operatìng at fuìì speed

Exhaust CFM

Return Ai r
B

Exhaust CFM Room No.

2r04

2r07

2TT2

410 3

610 3

6i05

8105

8i07

TABLE 5

Percent Acceptabiììty of Hospital 0dors

Outside Ai rIdent'ified Not Ident:ified
Test
No. A

2

3

5

6

7

o

9

10

91

92

100

100

100

100

100

i00

41

77

63

69

68

58

65

53

36

54

57

46

2I

42

77

62

Av. 9B

384
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Test No:

Subject IdentÍficatÍon No.

Non-Smoke r Smok e n Time of last smoke

Date: Time:

Do you have a cold or aììergy neaction today?

JUDGEMENT OF ODOR LEVEL

None Defi ni te Moderate St nong

I

Tri al

II.

Stati on
No.

A

B

c

D

A

B

c

D

Acceptabì e Not
Acceptabì e

III. A

B

C

D

;

I
c
J

{
-ì

Ã

I
IMATCHING INTENSITY OF ODOR

Stat'ion
No.

0lfactometer Port Number
234567 8

.

t
!
tI

I

A

B

c

D

Figure 12. Odor baLlot
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8

f

6

5

1

3

2

I

É
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l.o
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nI

HODERAIE
(2)

I
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nl

IIONE
(0)
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,

8

7

ó

5

4

3

2

É

0

9
I
7
6
5
a
3
2
I

STRONG
(3)

MODERÂTE
(2)

DEF I NI TE
(r )

0

0+

AB

NONE
(0)

\o PANEL VOÍES OI¡ ODOR LEVEL AND I{ATC}IING EUTAI¡OL LEVEL

PANEL VOTES ON ODON ACCEPÍAEILITY

Acceptable UIC!-cl!l4Þ ZAccegtance

12192
t0377
7654

13 0 100

PAIITL VOTES Oil ODOR LEVEL AIID ilAICHING SUIAÎIOL LEVEL

PANEL VOTES ON ODOR ACCEPTABILIIY

Acceptable !¡C-qc!-PlgÞl-C

l5 0

915
8ì6

15 0

pailEL voTEs o¡t oDoR LEVEL AND p¡TcHI¡tc BUTANoL LEVEL

PANET VOI€S OIi OOOR ACCEPTABILIIY

Acceptàble Unacceotðble ZAcceptônce

ì0'l9'l
4ì641
4136

t0 I 9l

Sampl eSðnple g Acceptable
Sèmpl e 100

63

57

100

0¡
A

B

0

B

0

0r

B

0

Pigure I 3a. Test 2. Exhaust fan operation:
e = fulL speed, B = fufT speed;
odor acceptabiTitg: O* = 91%,
o=100%,A=41%,8=36%

?est J- Exhaust fan oPeration
A = t/2 speed, B = fu71 sPeed''
odor accePtabiTitg: O* = 92%,

o=100%,e=77%,s=54%

Test 5- Exhaust fan operation:
A = 1/3 speed, n = fuLL speed,'
odor acceptabilitg: O* = 100%,

o=t00%,A=63%,n=57%

Figure I 3b Figure I3c-

Odor intensitg judgnents

O* = outsi de air identified to odor panel
A = return air fron chase A

B = return air fron chase B

O = outside air not identtfied to panelists

Figure I 3
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Test 7. Exhaust fan operation:
A = fulL speed, ø' = fu71 speed,'
odor acceptabilitg: O* = 100%,
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Test 8- Exhaust fan operation:
A = l/2 speed, B = fuLL speed,'
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Figure 13d. lest 6- Exhaust fan operation: Figure l3e
A = l/3 sPeed, n = fuLL sPeed,'
odor accePtabiTitg: O* = 100%,

9=100%,A=69%,a=46%
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Figure l3 continued
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Discussion

I,f . J. PHILLIPS , Naval Medlcal Comnand, I.lashington, DC: Chapter 7 of the 1982 llcations
states: "Practical experlence has shown that health facilities, wlth the pos ble exception
of nursing hones, having central toileÈ exhaust systens, generally have sufficj.ent dilution
to render the tollet exhaust alr practically odorless. For this reasoû, plus the need to
conserve energy, it is recomnended that conslderation be glveo to reclrculatlon of up to 5tr/.

of toil-et room air where central systeÍûs with approprlate conditlonlng and fl-ltratlon
equiprnent are enployed." Does your research support thls recornmendatlon? If not, what change
does your research suggest?

J.B. CHADDOCK: The quotation you have glven fror¡ the ASHRAE Handbook - 1982 Applications 1s
a fooÈnote (d) to Table 3, ChapEer 7, page 7.6. It refers to exhaustlng 10 air changes per
hour (ACH) froro toilet rooms. That table also reconnends 2 rninlnun ACH of outdoor alr for
nost hospital spaees, 1n conforning with the federal Hlll-Burton standard. As shown 1n Part
I of this study, analysis of space and ventllation requl-renents for a nodern unlversity
hospltal shows that lt is this 2 ACH that dete:mines the outdoor ventilation rate and not ttre
exhausting of 10 ACH through the toilets. To conserve energy by reclrculating toilet
exhaust, the outdoor ventllatlon raÈe must be reduced, which would probably resul-t ln a rate
below 2 ACH for rnost hospitals.

The odor-sanpllag tests reported ln Part II of this study resulted ln the panellsts
ratiD.g the acceptabillty of the hospltal odor envlronnent at 50iL to 602 (see Table 5). Ihese
tests ¡rere conducted wlth outdoor veotllatlon at near 2 ACH. Conslderl-ng the results of
these (linited) tests and the characteristics of the hospital envlror¡ment with lts
signiflcaat odor and chenical cootamlnant actlvlties, I would Dot recommend reduclag the
outdoor ventllation rate fron that of the current Hlll-Burton staodard without broader fleld
study data. Recirculating a fractlon of the tollet exhaust, by ltself, will probably uot
affecÈ odor level signlficantly, but a correspoodlng reduction of outdoor ventllatLon rate is
llkeJ-y to produce an unacceptable odor envlronmeût by visltors and some increased health rlsk
to hlghJ-y susceptlble patients.
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