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VENTILATION REQUIREI"IENTS IN BUILDINÇ FON CONTROL PF BODY ODOR

Masaya Narasaki
Osaka Uniersity, Osaka, Japan

AbstracE

!'Je investigate the relat,ionship between t,he índoor C02 1evel caused by
sedentary occupantsr eipiration and subjectiye evaluatioñ of body odor by
visitors by mearÍs of the same met.hod ae Yagloulg, and try Eo estimate t.he
ventilation criEeria for sedenEary persons. SubJecEive evaluations of borly
odor are carried out Ín an environmental chamber as model Èests and in
classrooms as field tests. The experiments are carried out wit.h various
combinations of temperature, humidity, occupancy densiEy and occupantsf
sweaEing condition. From the result.s, we may conclude t.haE the C02 level
is a potential index of body odor and 80 7" of. visiEors may be sal.isfied
with indoor air quality, if C02 level be kept. less than 0.1 % which is
adopted as Japanese ventí1at.ion -standards.

Introduc Eion

In Japanese Building Co<le, the minimum ventilation rarq is 20 1371, p"t
occupant in resident.ial and office environments ^and 30 mJ/h per occupant
in buildings with a floor space of over 3,000 m¿. These values corespond
with about 0.L37. C02 and 0.10 Z respectively as the accepted limit. The
codes seern to be prlncipally based on Yaglours result on body odor and
Ve.ntilat,ion. Since oil shock in 1973, the interest in cont.rol of building
ventilation has increased as a consequence of the new demands for energy
saving. But. $/e have not yet found the criteria for venLilarion
requiremenEs in buildings.

The body odor is one of main contamination.in the bccupant space. The
fresh ai'r should be fu1ly supplied to mainEain bédy ''odor aE a satisfactory
1eve1. Recentry the studi:es on bq{y.gd-qr is investig,aEed to ilèôide the
minimum.erft.ilatioq'\requiremençr,',)rJ)')) In Jap'an, those sEud:ies were
co,nduct.ed by ,Asanot/, Minaminoq/ and et.a1.. Also we have made theìsamd
studies on body odo,r in t.hese recenË years. the exþerimenLs will be bnly,
briefly described here.

Method

Facilit.ies
A seriës of experimenEs are conducted in a 20 m

,ì
' erivironmeìhtal'chamber.

The wa1"1s of chamber are finished with aluminium'foi1. The ventilat.io'n air'
is directed.i-nto the chamber both from the plenum chamber'and from ouEdoor
by the exhaust fan. The chamber process temperature and humidity control.
The room'air is mixed fully by fan in the chamber. Also, to compare with
the model t,esEs in an environmental chamber, a series of the f ie'I<l tests



is conducEed inclassrooms for universiEy st-udent.s and general pul¡lics
during nonsmoking occupancy.

0ccuoanc y Odor
Experiment.s are designed to evaluate vent.ilation requirement. in offices

during sedentary acLiviEy for E.he control of oc.up"ncy odor as perceived
by visiEors. The invest.igat.eions of occupancy odor are performed under the
following four conditions.

a) The environmenEal conditions are about 20"Ç moderate [umidity (RH:
30-65 %), and four occupancy densities (5,7.5, 10 and ts m3/p"r"ónj. Tn"
experiments are performed 3 times for each condiEion

b) The environmental conditions aroe abouE 20Þ(, high humidiEy (RH: BOi"),
and occupancy densíEies (5 and l0 mJ/person). The eiperiments are made 3
times for each condition.

c) The environmental conditions are about 3Q'a, moderate humidity (RH:
50-70 7"), and occupancy densiEies (5 and 1O ^J/person). The experiments
are made 2 times for each condition.

d) The environmental conditions are about 20ï , moderaLe humidity (RH:
40-65 %), The occupants are a lirt1e sweaEing by ropeskipping qnún:zo¡
during about 2 minu_t.es.b.efore ent.ering in ùhe-chaml¡er."i'n. occupancydensities are 5 and 10 mr/person. The experiments are performed 3 t,imesfor each condition.

Each run take over a 2-hour period of occupancy. Temperature, relat.ive
humidity and carbon dioxide concentrat.ion are monitored cont,inuously. Andthe odor assessment.s are made by a few visitors (odor panel) who enLeredthe chamber only short.ly from a fresh plenum chamber au'every 15 minut.es.
The assessments are the intensiry and the discomfort of ociup"n.y odor.
The -intensity of odor are measured on a scale running ; i.d"finit",
2.moderate, 3.strong, 4.very strong, and the acceptance oi discomforr are
measured on a scale running ; t.slightly uncomfortable, 2.unconlfortable,
3.very comfortable.

Both occupants and panels took a bath and changed Eheir c1oÈhes on theprevious day of the experiment, and kept f.om "roking, drinking, taking
scented foods and using toiletries on Èhe day of experiments.

Also, in the field tests, the odor is emitted fiom occup¿rrìLs atLendingnormal lessons in the classroom which seats about 30 persons for thé
universi-ty studenEs and seats abouE 100 persons for the general publics.
Those experj-ments are performed 7 times for Lhe university scudents and 2times for the general publics.

Result.s and Discussion

The effect of occupancv de NS i,E.ies on odor int.ensitv
aLionship between Ehe indoor CO7
our kinds of occupancy densit.i

are the average values obt.a
assessmenLs of a few panel at each occupancy density. Odor level tlependeclentirely on ventilation rate per person irrespect.ive of ttre occuparìcydensities, like those of Leaderer and cabin, but unlike yaglours.

Figure I shows the rel
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Figure 2 shows t.he

odor intensity judged
straight lines on Fig.

relationship between the indoor C01 level and
by panels under the foregoing four'conditions.

2 represenl the regression fils of each con<JiIion

level and
es for the
ined from

Lhe
(a)
the

Ihe
The

Lo



,t

Eq.I

I=kllogS-k2

where; I : the odor inEensity judged by panel
S : t,he indoor C02 level (ppm)

k1 
' 
k2 : emPirical const.ants

The results of the regression analysis on the four conditions are
summaried in Table 1.

Table I Empirical parameter obtained by regression analysis for each
condition

Condition kl r

a
b
c
d

.28

.22

.58

k2

11.9
11 .4
11.6
t2.6

4
4
4
4

29
36
26
28

0
0
0
0

0.94
0.94
o.97
0.97

.20

1: -'' ¡

[.

Where; r : correlation coefficient
: standard deviat,ion

1. From Ehe resulEs for the (a) and (b) conrtitions, this suggests Lhat a
significant influence bf air humidity on the olfactory judgemen[s of body
odor is proved. The reason seems Eo be considered whether the emission
rat.e of body odor from occupant.s increase or whether the actual olfacLory
stimulus of body odor by panel increase.
2. From the results for rhe (a) and (b) conditions, Lhis suggests Ehat a

significant influence of air temperaEure on perceived odor j rrLcnsiLy i.s
observed, so that a little sweaEing seems Eo occur when air temperaEure is
about 30
3. For the (a), (b) and (c) conditions, the occupants keep very clean

personal hygiene. BuE a part of Ehe occupants in the actual roorns <l o n<¡L

always keep clean hygiene. So t.he experiments for Ehe (d) condiLion are
conducted for the occupanEs who generate a 1iut.1e sweating by ropeskipping
before just entering in the chamber. Significant difference between the
odor intensit.y in t.he (a) and (d) conditions with the same C02 IeveI is
found. These difference seems to have been caused by occupanLtr srveatittg
before entering the chamber in the (d) condition.
4. The results of t.he field tesEs conducted in the classror-rrns are plotLcr!

in Fig.2 to compare with the results of Ehe environmenLal chamber.'l'he
obLained values in t.he classrooms seems Eo be rather resemble closely [hat
for the moderaEe condition than t.hat for the con<litions <lf high
LemperaEure, high humidity aod occupanEsr sweat.ing.

The relationship bet-wcen the int.ensiEv and the discomfort of body <.¡clor

Figure 3 shows E.heir relat.ionship under the f our contli Eions. The
sE.raight lines on Fig.3 represent the regression fits of each condiLic.¡n.
No significant difference beEween their relationship for every condition
is found. That is, the discomfort of odor may be provided for a given o<lor
intensiEy under every environmental condition.

From the previously experimenEs, it, is proved thaE the indoor C02 level
can determine approximately the intensiEy and the discomfort of body orlor.
But the criteria for odor acceptability can not be immediately determì-ned
from those results. ASIIRAE Standards takes as subjective evaluation that



the air can be consj-dered accepEably free of annoying contaminant, íf. BO %of a panel of at 1east.20 unErained observers deeis the air Lo be noL
object.ionable under occupancy.

The proporLion of discomfort. votes cast. in each category as ¿r fur¡cLion
"-f C9Z.level. is obtained from Ehe experimental result. Foi example, thattor (a) condition is shown in Fig.4. Then C02 level of category boun<laryof (1) and (2) for every condition is shoín in Fig.S. Th; discomforLcategory (1) should be taken as acceprable air quãlity, because rhecaÈegory (1) is corresponded to the odor intensiE,î'Z,rr. If therelaÈionship between the incloor CO2 level and the sensational inEensity orthe discomfort of body odor in Ehe'ordinary room may be 

"*làn¿"¿ its width
between (a) and (d) conditions, the indoor air qualit.y on occupancy
decided from 1000 ppm C02 in Japan, is seemed to be åccept"d f.or abou¡ 80Z of visit,ors.

fi!ì,
\.:i-'

Conclusions
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Flg. l

FLg,2

Fig.3

odor lntensity ín relaÈion to co. level and occupancy densit,y.

odor rntenslt,y as a funcÈ1on of coz level for every condiE.ion.

Dfscomfort of body odor as a functlon of odor intensit,y for every
condltfon.

FLg.4 PercenÈ,age of dlscomforE votes as a functlon of COz level for(a) condLtfon.

F1g.5 CO2 Ievel of dlscomfort
condition.

caÈegory boundary (1) and (2) for every
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