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ssefì G. lt.c B. Be of

act ivi àtion for the

l.ìody qlor crniÈted by 16 occupants at three activity lcvels ( 4 and

6 rnct) lds cvaluatcd by lO malc and lemalc ¡udgcs. The judgcs asscssed,
wlrcn cnte¡ing the æcupied room, the intcnsiLy and accePtance of thc

bo<ly elor. co.,
,^f iun tl¡e bpdy qlor intensity was of Èlte same nlagnl

concc'ntration and air change were mcas ured. For the same
tudeCO2 concellt

wlrc-ìthur tltt: occul)ants wcre sedelltary or engaged in ¡rh ysical act iv ity
was lcss acceptaL,lc

TäLi
dcs KörperqÈruchs. Der Körpergeruch von l6 versuchspersonen auf drei
vcrschiedenen Aktivitätsstufen ( l, 4 und 6 met) wurde von l0 mänlichen

und weibli.chen BeurÈeilern ausgewerteÈ' Die Beurteilern schätzten beim

Bctrcten des Versuchsraumes die lntensitãL und Àkzeptabilität des KôrPer-

sich in Ruhe befindenden Personen. Dabei gab es keinen Unterschied irt

dcr Körpergeruchsausstrahlung der sich in Ruhe befindenden Versuchspersonen'
wcnn sie ilrre normle bekleidung (- 0,8 clo) trugen oder sie
nackt uaren (lediglich Shorts tragend)-
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THII IN].'LUENCE OF IIUMÀN ÀCTIVITY ON VENTILÀÎION
REQUIREMENTS FOR THE CONTROL OF BODY ODOR

C.Rasmussen, G.H.Clausen' B.Berg-Munch' P.O.Fanger
Technical UniversiLY of Demark

LYngbY, Demark

I nEroduct ion

This paper deaÌs with the ventilation of sPaces where body odor
is the nrajor polLutant. Body odor is difficulÈ to measure' Since mn
exhales large <¡uantities of carbondioxide, the co, concentration is a

potential index of body odor- Previous studies of-Fanger and Berg-Munch

I t ) on uoay odor emission from sedentary men showed a reLationship between

co^ concenLration and the accePtance of body odor' For a given Percentage
ofzdissatisfied the corresPonding required ventilation rate h'as estab-
lished. The aim of this paper is to study the same relation for male

occupants, at higher acÈivity levels, where sweating occurs'

Method

It was decided to stualy body odor from Persons aÈ activities of
I met (sedentaryl, 4 met and 6 met- Îhe study took place in an experimen-
tal lecture room at the Laboratory of Heating and Àir Conditioning at
the Technical Universiby of Demark. The lecture room had a volume of
165 mr and was equipped with an air conditioning system' Dehumidiflcation
was achieved through cgndensation at the coollng coils, and hmidification
by boiting of destilled water. During the experiments the air temperature
was maintained between 2OoC and 22oC, and the relalive hunidiçy between

40 and 60$. The air cÞange was varied between t h 'and l0 h 'correspond-

ing to 165 and 1650 T-lh outdoor air. The suppLy air to the room was

maintained aL 22OO n-/h.

During all the experiments the same 16 men, all fit and in good

health, were used as occupants. On the first experimental day the occu-
pants were asked to reporÈ rdearing their normal indoor clothing. Dressed

in this clothing the 16 men h'ere seabed for two hours in the experinental
room. The æcupants then took off their clothes and dressed in shorts,
athletic socks and shoes. In this almost nude condition they æcuPied
the rom for another tHo-hour period in a sedentary position.

on the second day the experiments at 4 meÈ activity took place'
and on the third day the experimenÈs at 6 met were performed. During
these experlmenÈs the æcupants were dlvided into Èwo grouPs of eight
persona. One group <rcupled tlìe room durlng two hours In the mrnlng,
the other group during trro hours ln Èhe aftern(x)n. To establlsh Èhe I
and 6 met activity the occupants walked ln a ctrcle 15 m diameterf, ascend-
ing and descending steps. The judges comprised 30 college-age subjects
vrho were Eeated in a $ell-ventllated space next to the experlnental room.

ul, to 6 mct. But qlor caused by ¡rhysical acLivity
Llr.rn ûlor (rotn sedentâry occuPants. An activity of 6 met required a

ventil¿tion rate ll times higher than at sc'dentary activ ity. 'there was

no ditlerer¡ce in qlor qission fronr se'dentarY occuPanLs, wlleÈher tlley
were drcsscd in their normal intla:r clothing (-0'8 clo) or wcre naked
( wear ing shorts onlYl -

KURZF'ASSUN(;

Rasmusscn u sen .O.Fa luss dcr
al auf for u

: L, de l.'âcti-C.Rasmus au

vité demandes ton rIe 'odeur
du corps. L'odeur du corPs exha L par l6 occupants trois veaux

d'àctivité |I' ¡l et 6 reÈ) a été évaluée par 30 juges femes et homes

à I'intérleur (-0.8 clol ou qu 'ils soient nus (en short seulemenÈ1.

Les juges ont évalué en entrant dans la chãmbre occupée l'inEensité
eÈ l'acceptation de I'odeur du corPs- La concentration de co2 et la
ventilatiàn ont éÈé mesurées. L'imPortance de I'intensité de-l'odeur
du corps étâit la nême pour la même concentraÈion de Cor, que les occu-

¡,ants soienÈ sédenÈaires ou qu'ils soient engagés dans Aes-activités
pny"ique" jusqu'å 6 meÈ. l'tais l'odeur causée Par l'activité physique
åtåit-noin" acceptable que l'odeur exhalée par les occupants sédentaires'
L,activité de 6 met a demndé un taux de ventilation ll fois plrrs élevé
que I'activité des æcupants sédentaire8. Il n'y avait pas de différence
d,odeur dcs æcupônta sédentalreg qu'll6 tþrtent leurs vêtements hàbltuels
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The judges were divided inLo three groups of ten persons. Each group
enLered the experimental room every sixth minuLe. Just after entering
Èhe room the judges evaluated t.he odor intensity on a slightly modified
Yaglou scale (see Fig. l) and were asked whether Èhey considered the
odor to be acceptable or no! (see Fig. 2). The judges did not know what
was going ()n in the exper irne'ntal room. They wcre separated from the oçcu-
pants by a curtain, and noise from tlìe æcupants was nrasked by a white
noi.se generator. During all experiments temperature, humidÍty, CO- concen-
trôtion and arr change in the experimental room were measured. ¿

llos sÈrôrr do you fiñd the odor rn thls room?
PIeàse -,ìr! on Èhe scà.1e.

No odor

Sl 19ht odor

Hoder¿Le odor

SÈrong odor

very strong odor

Overpoeêrrn9 odor

Fi9. l. Yaglou's psycho-physicai scale for the subjective judgment of
odor intensity. For data analysis the following numbers were assigned
to t¡re scalet 0(no odor), l(sJ.ight odor). 2(moderate odor), 3(strong
odor, il(very strong odor), 5(overpowering odor).

ImÀ9lne thÀt you daIly, frequenÈly ghouId
enter thls ræ¡. r'ould you ludge the odor
in the roon à9 Àccentable?
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number of male occupants at sedentary activitY is shown' There seems

to be no systematic i.p..i or activily on the odor intensity/co, relation-

ship.
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CARBON DIOXIDE

lfgjl. odor intensity as a function of CO2 concentration for I , 4 and

õ-ñãÏ-activity.

Fig. 4 shows the relation between odor intensity and dissatisfied
judges. The figure demonstraÈes that for the sane odor intensity the

odor at higher activities was judged less accePtable' There was no signifi-

cant difference between the 4 and 6 met activity level'
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¡1i9. 2. Que6tion on odor acceptance

ResuÌ ts
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ODOR ¡NTENSITY

Fiq. 4. Percentage of dissatisfied as a function of odor intensity for
l, 4 and 6 met activitY'

In Fig. 5 the percentage of dissatisfied is shown as a function
of the CO^ concentration. the percentage of dissatisfied seens to be

i.a.pã"ããß. Ài activity levet ãt ton co2 concenrrations, whire at hisher

concentrationa the odor at { and 6 met ãctivity waa judged as being less

acceptable than at sedenÈary activity'

Àt sedentary activity there ras no significanÈ difference betweenodor e¡ission from p€rsons uith or uithout clothing.
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Fig' 3 ahora the odor inteneity as a funcÈion of the co^. concentration
at three different âctivities. For conparison, the corresponáing reration
from a previoua inveatigation by Fônger and Berg-l-{unch comprleing a Large
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was needed.
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CARBON DIOXIDE
I t9. 5. l'hr ¡L'l.rl,ion b(,twectì CU., concentration and perccntage of dissatis-
JLlã-î"t I , 4 arrcl 6 nrr'r act ivit¡l .

lrì f i9, 6 Èhc sterady-state ventiLation rate vs. dissatisfied visiLors
has bec,n plotted. The ventilation rate wàs cal-cu.lated assurning a 0.0j5 g

cO2 concentration in the outdoor air and that e'aclì person produced 16.9 I
Co) [)er lìour pùr rrret-. I'i9.6 shows the dramatic impact of activity on
thê rcquired ventilâtion rate. The determination of ventilation rates
becomes Iess accurate as the percentage of dissatisfied approaches 7.7 t,
which was the percentage that felt dissatisfied on entering the unoccupied
venÈi lated ræm.

%

o
t¡J
tr(t,

at

Lo

ao

to

ôo

30

¡aO

fo

20

to

o

conclusions

For the same Co^concenÈration the bo¿ly odor intensity was of the same

-ãn"ì[0"-"iuir,3t tn" occupants were sedentary or engaged in physicar

activity uP to 6 met. BuE 
^odor 

caused by physical activity at 4 and 6

met was less acceptable than odor from sedentary occuPants'

Àt an occupant activity of 4 met the ventilation requirement was more

than 5 timås higher thån at se¿lentary activity' Àn activity of 5 ¡net

requirea a ventilation rate ll times higher than at sedentary activity'l/a param

VENTILATION RATE

Fig. 6. ReÌation between p€rcentage of dissatisfied and the steady-sÈaÈe
ventilation rate for l, 4 and 6 met activity.

Discussion

Fig. 3 shæs that the relation betueen body odor intensity.and CO2
concentrâtion uae similar for l, { ar¡d 6 met activity. This indicates
that the magnitude of body odor produced is proportional to the co2 produc-

6
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There rdas no difference in odor e¡ission from sedentary occupants' whether

they were dressed in their normal indoor clothing ( 0'8 clo) or were

naked (wearíng shorts onIY).
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